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STUDIES ON THE THEORY OF DIABETES. 

V, A STUDY OF NARCOTIC DRUGS IN PHLORHIZIN DIABETES. 

Br W. D. SANSUAI axd R. T. WOODYATT. 

(From the Otho S. A. Sprague Memorial Inslitule Laboratory of Clinical 
Research, Rush Medical College, Chicago.) 

(Received for publication, December 2S, 1914.) 

IXTRODDCTION. 

A fasting dog received 1 gram of phlorhizin suspended in olive 
oil subcutaneouslj' once e\'ery 12 hours until the G: N ratio was 
constant, then once everj' 24 hours. This method, or the simple 
injection of 1 gram of phlorhizin once everj' 24 houm from the 
start, has been used e,\tensively in this countrj* for the prepara- 
tion of animals for the stud}' of gluconeogenesis and allied prob- 
lems. By its use extensive data have been accumulated concern- 
ing the sugar-forming power of a wide range of substances. The 
above mentioned dog was etherized by E. A. Graham, w'ho was 
studjing the effects of anesthetics on the organs of animals whose 
glycogen deposits had been depleted. Without knowledge of w'hat 
had occurred, one of us continued the urinalyses after the nar- 
cosis and found that the G: N ratio had risen from about 3.7 to 
6.0. Our attention was then attracted by certain remarks which 
had appeared in an article by Dakin* concerning an animal simi- 
larly prepared. “A minimum amount of ether was given to the 
dog as an anesthetic during the e.xposure of the vein. Under 
these conditions a marked increase in glucose followed the ad- 
ministration of histidine, but later experience would indicate 
that at least some of this glucose did not originate from the base 
but was due to the anesthetic and to metabolic disturbances fol- 
lowing the intravenous injection.” 

We then made experiments to learn the constanc}' of such oc- 
currences and found that following ether narcosis there was regu- 

* H. D. Dakin; this Journal, xiv, p. 328, 1913. 
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larly a striking increase of the gb’-cosuria, and that nitrous oxide 
had similar effects. Moreover, the records of the e.xperiincnts 
were such that, had the3'- been obtained after the subcutaneous 
injection of some supposed intermediate, such, for example, as a 
pja-uvic acid salt, thej'- would doubtless have passed as evidence 
that the. substance itself had been transformed into sugar (com- 
pare Experiment For nitrous oxide this was impossible, and 
for ether highly improbable. 

The question then arose as to how manj" other substances might 
react like ether or nitrous oxide, and how to avoid confusing ef- 
fects of this type with true transformation of the administered 
substance into sugar. The following study was made for the 
purpose of answering these questions. Incidentally it was recog- 
nized that phlorhizinized dogs might offer certain, advantages for 
the study of the metabolic changes which occur under the influ- 
ence of narcotic drugs generall3^ The problem has led us to in- 
vestigate a method of preparing phlorhizinized dogs, which dif- 
fers from that above described b3’- the supplemental injection of 
epinephrin every 3 hours until this drug has no further power to 
affect the glycosuria. It is believed that certain of the substances 
which have come to be recognized as sugar formers on the basis 
of data obtained by the other method must be retested Iry the 
amplified method or its equivalent. 

The source of the extra sugar. 

It has been observed b3'' Lusk- that fasting and phlorliizin 
alone are incapable of removing all gbmogen from the body. 
This is confirmed b3'- the results of the pi-esont study. Accorcl- 
ingl3'', the phlorhizinized animals which showed an increase of the 
gl3mosuria after narcosis still contained gl3^cogen, and it was first 
necessar3'- to investigate this as a possible source of the extra sugar. 

Ringer, working with Lusk, gave epinephrin intraperitoncallj' to dop.s 
which had been fully phlorhizinized and made to shiver until further treat- 
ment caused no further output of extra sugar. Epinephrin then caused no 
increase of the glycosuria. Another animal was treated less vigorously 
with cold and then given epinephrin. In this case extra sugar was ex- 
creted, but with successive doses of epinephrin the increases in glycosuria 

* G. Lusk; Ergchn. d. Physiol., xii, p. 361, 1912. 
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became less and finally approached zero. From this it was inferred that 
epinephrin swept out residues of glycogen, if such were present, but that 
in deglycogenized animals it had no power to increase the glycosuria or 
otherwise affect carbohydrate metabolism. Undertaken originally to test 
the validity of Eppinger’s’ claim that epinephrin affects the pancreas and 
promotes a new formation of sugar from fat, which was not supported, 
these studies incidentallj’ showed that a dog may be deglycogenized by 
epinephrin in the same sense that this is possible by cold or muscular 
work. Lusk* has since shown by respiratory calorimetric e,\'periments 
the correctness of this interpretation. 

The method of deglj'cogenizing dogs hy the combined effects 
of phlorhizin and cold baths,® followed by prolonged shivering, 
is effective but arduous. We have used it in prevdous studies® and 
confirmed by post-mortem tissue analyses the view that the mus- 
cles and liver may be thus freed of all measurable traces of glyco- 
gen. But the regimen weakens the dogs and subsequent experi- 
ments frequently terminate prematurely, particularly when the 
animal is not powerful, or if the ex-perimental substance adminis- 
tered is to.xic. Furthermore, it is never possible to state cer- 
tainl}' that the cold has been pushed to the point of complete de- 
glycogenation e.\'cept by administering it again during a control 
period and finding no output of extra sugar. To do this means 
usually to risk a possible loss of urine. 

Experiments were now made to learn whether epinephrin 
might be used convenientlj^ in place of cold, with 'the idea that 
its administration would not entail removing the dog from the 
cage and that it might be possible to control the amount given 
with greater ease. 

In the first experiment an animal was given 1 gm. of phlorhizin every 
24 hours as usual, supplemented by a cold bath for 20 minutes, followed by 
moderate shivering for 3 hours. The first day’s urine was discarded, but 
the G: K ratios found in subsequent 12 hour periods were 5.72, 3.90, 3.82, 
and 3.67 (E.xperiment \T[I). Epinephrin was now administered, 1 mg. 
subcutaneously, once every 6 hours, I'.e., 1 cc. of 1 to 1000 adrenalin solution 
(Parke, Davis), and during the following 12 hour periods the ratios were 
8.82, 4.32, 4.14, and 3.73 respectively. Under this system the ratio was 

’ H. Eppinger, W. Falta, and C. Rudinger: ZUchr. f. Min. Med., Ixvi, 
p. 1, 1908. 

* Lusk: Arch. Ini. Med., xiii, pp. 673-681. 1914. 

® Lusk; ZUchr. f. physiol. Chem., Ixvi, p. 106, 1910. 

* R. T. Woodyatt: this Journal, xiv, p. 441, 1913. 
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still not certainly constant after 4S hours of opinephrin injections. The 
dog was nevertheless used at this point for an e.xperiment. Nitrous oxide 
narcosis was induced and maintained for 2 hours. "Extra sugar" for the 
period was 1.94 gm. In previous experiments the same dog prep.ired 
with phlorhizin alone had excreted S.S2 and 7.24 gm. of “extra sugar” 
after two nitrous oxide narcoses of the same duration (Experiments V 
and VI). 

In a second instance a dog was phlorhizinized as usual with no supple- 
mentary treatment. In the sixth 12 hour period G: N reached 3.70, in the 
seventh, 3.65. The dog now received 1 mg. of epinephrin subcutaneously 
once every 2 hours, and the ratios by 6 hour periods ran 10.75, 4.52, 3.09, 
and 3.04 (Experiment XII). Thus after 12 hours of the epinephrinization 
G: N was again constant and at a level below that of the fore-periods.’’ 

Later it was found less injurious to give epinephrin once every 3 hours 
trom the beginning of the phlorhizinization. A dog received phlorhizin 
as usual, and also 1 mg. of epinephrin subcutaneously every 3 hours. 
The first day’s urine was discarded. TJiat for the two following 12 hour 
periods showed ratios of 2.93 and 2.96 respectively. In the next period 
epinephrin was omitted and the ratio was 2.S7. It was then resumed ns 
before, and the ratio was 2.90. After this the same method was adhered 
to. As a rule, when 1 cc. of adrenalin solution was given every 3 hours 
from the beginning of the preparation, G:N reached constancy in 18 to 
24 hours, after which epinephrin could be omitted and resumed without 
changing the ratio.® 

A dog which had been so prepared was anesthetized for 30 minutes with 
ether and showed no increase of the glycosuria, nor any material rise in 


’ T)his would seem to suggest the possibility' that in this experiment, 
during the periods of higher ratios, a part of the glucose in the urine was 
attributable to a slight but steady mobilization of sugar from glycogen. 
If not, it would have to be assumed that the epinephrin or the tissue as- 
phyxia produced by it altered the protein metabolism or the excretion of 
its end-products. 

® In later experiments the same method resulted in the premature death 
of several dogs. The dose of epinephrin was aceordingly reduecd to 0.25 
mg. at the same intervals, after which results were again obtained like 
the earlier ones. The fatalities began with the introduction into the lab- 
oratory of a new supply of adrenalin. Doubtless the solutions used before 
had lost strength. By using the material supplied in small ampules, a 
fresh one for each dose, tve have had uniformly satisfactory results with 
0.25 mg. of epinephrin every 3 hours, up to the time of the present writing. 
It has also been found that the epinephrin need not be given continuously 
every 3 hours, bpt that it may be given during the day, omitted at night, 
and finished the next day, without requiring in all more doses of the drug. 
This harmonizes with Lusk’s observation that there is no storage of glyco- 
gen during complete phlorhizinization. 
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the G:N ratio (Experiment III); whereas animals prepared by simple 
phlorhizinization and anesthetized for 10 minutes, 30 minutes, and 2 
hours, showed outputs of 3.SS, 7.98, and 11.20 gm. of extra sugar respee- 
tivcly (Experiments I, II, IV). 

From these experiments it was concluded that the extra stigar 
which is secreted after ether or 7 iitrous oxide narcosis in phlorhi- 
zinized dogs has its origin in glycogen. 

Mechanism of the increased glycosuria. 

It is common knowledge that gfyeosurias may follow prolonged 
exposure of healthy animals or men to the effects of ether, chloro- 
form, chloral, paraldeh3"de, acetone, urethane, morphine, or other 
narcotic drugs. Such glycosurias are attended b3’- Injperglyceynia. 
So far as studied the h3"pergl3’-cemias have been found to depend 
on a discharge of glucose from glycogen, but this has been sharply 
proved onl3’- for a few narcotics. As a rule, these hyperglycemias 
and gl3'-cosurias reach a marked height onl3’’ with general narcosis 
attended by signs of asphyxia. 

On the basis of a long series of e.xperiments Oppermann’ concluded that 
narcotics in general, when in small concentration, lower the blood sugar 
concentration, but when in the high concentrations productive of deep 
general narcosis they cause hypergb'cemia, which, if suEBciently great, 
leads to gb’cosuria, Pawel"* has recently shown that paraldehyde in 
merely soporific doses slightly depresses the blood sugar concentration, 
but in heavy doses with general narcosis it elevates i(;Eometimes sufficiently 
to cause glycosuria. Seelig," who studied ether glycosuria, found that by 
administering oxygenated salt solution intravenously during the anesthesia 
the tendency to glycosuria was decreased, and he attributed the glycosuria 
of ether narcosis to asphyxia. Muller,** working with acetone, found the 
more marked glycosurias only when the animal became cold and asphyxi- 
ated. Oppermann'* also expresses the view that narcotic drugs produce 
glycosuria only during deep narcosis with asphyxia. Naunyn classifies 
the narcotic glycosurias among the asphyxial glycosurias. Ruschhaupt" 

* F. Oppermann: Deutsc/i. Zlschr.f. Nervenheilk., xlvii-xlviii,p.590, 1913. 

*“E. Pawel: Biochem. Ztschr., lx, pp. 352-369, 1914. 

" A. Seelig; Arch. /. exper. Path. u. Pharmakol., lii, p. 481, 1905; liv, 
p. 206, 19C6. 

** Cited from B. Naun 3 Ti; Der Diabetes meliltis, Vienna, 2d edition, 1906, 
p. 52. 

*’ Oppermann; loc. cU. 

" Cited from Naunyn: loc. cit. 
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found that acetone narcosis failed to produce glycosuria in dogs whose 
glycogen reserve had been depleted by fasting. King, Chaffee, Anderson, 
and Redelings*^ have shown that the sugar which is e.xcreted in ether gly- 
cosuria comes from glycogen. T7icsc and other contributions to the literature 
indicate that, when given to healthy animals in sufficient doses, narcotic drugs 
induce an hyperglycemia with or without glycosuria, that the rise in blood 
sugar is at the expense of glycogen, and that they produce their effect by caus- 
ing asphyxia. 

Tliere is no I'eason to believe that narcotic drugs' do not produce 
asph 3 T:ia in phlorhizinized dogs as well as in others, or that such 
asphj’-xia is less able to mobilize glycogen if the latter is present. 
The effect of this in a phlorhizinized dog would be a tendency 
toward hyperglycemia as in non-diabetic animals, but in this case 
a rapid transfer of all extra sugar to the urine. We u'ould therefore 
reejard the increase of glycosuria following narcosis in phlorhizinized 
dogs as identical in mcchanisin with narcotic glycosurias generally 
and Iwtce as dtie probably to asphyxia, with whatever add increase 
this implies. 

It is concluded from the foregoing that any substance or pro- 
cedure capable of creating liypergNcemia at the expense of gly- 
cogen in a non-diabetic animal might increase the glycosuria of a 
totally diabetic but imperfect^ degly’^cogenized dog in the same 
waJ^ Naturally, free acids, narcotic substances, and procedures 
or substances generally which can induce tissue asphyxia, might 
lead to the appearance of extra sugar in dogs prepared as de- 
scribed on page 1, without affording any evidence of newly formed 
sugar. Among the aldehydes, ketones, keto-acids, and alcohols, 
which have come to be regarded as sugar formers, many are nar- 
cotic. The basis for considering them gluconeogenetic has been in 
several instances their observed effects on the urine of phlorhizin- 
ized dogs whose freedom from glycogen was not established. In some 
instances the methods used were incapable of removing glycogen. 
We suggest that when studying the sugar forming power of sub- 
stances in phlorhizinized dogs the presence or absence of glycogen 
should be ascertained by gmng 0.25 to 1 mg. of epinephrin 
once or twice subcutaneously during one of the fore-periods. If 
no extra sugar appears in this period, it is safe to assume that a 

‘‘ J. H. King, B. S. Chaffee, D. B. Anderson, and L. H. Reddings: Bull. 
Johns Hopkins Hosp., xxii, p. 3SS, 1911. 
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rise in glycosuria foUo^-ing the administration of any other sub- 
stance is not referable to glycogen. In human diabetics and de- 
pancreatized dogs the presence of glycogen might be similarly 
detected. 

Suppressions. 

Besides an increase of glycosuria following narcosis, suppressions 
of nitrogen, glucose, and the acetone bodies were sometimes observed. 
They were not constant, but varied ndth the drug used and with 
the conditions of the experiment. 

1. Sitppressions of glucose and nitrogen. Full}' pWorhizinized 
and epinephrinized dogs, when anesthetized nith ether, showed a 
lessened excretion of glucose and nitrogen beginning with the 
ether period and lasting for 24 hours or more (Experiment III). 
The same was true in two of the dogs wliich had received phlor- 
hizin but no epinephrin, with one difference, namely, that the 
fall in glucose first appeared in the after-periods; because in the 
ether period itself any possible tendency toward decreased gly- 
cosuria was masked by the increased supply of glucose derived 
from glycogen (Experiments I and IV). When the glycogen had 
been discharged by epinephrinization the fall in glucose following 
ether narcosis parallelled that in nitrogen and the G: N ratio re- 
mained unchanged (Experiment III). From this it is evident 
that the suppressions of nitrogen and glucose are not inseparable 
from the excretion of extra sugar.^^ 

This fact is emphasized by the observation that with nitrous 
oxide there were no secondary suppressions of glucose and only 
slight suppressions of nitrogen, even when the initial increase in 
glycosuria was -very pronounced (Experiments V, VI, WI). In 
one of the ether experiments also with a marked increase of gly- 
cosuria, the fall in nitrogen was comparatively small and the pri- 
mary increase in glucose was followed by a return of the glucose to 
the same level as in the fore-periods (Experiment 1^0 > iiot by a 
fall below' the level of the fore-periods as in E.xperiment-s I, II, 

Working with other narcotics (aldehydes) Ringer and Frankel regard 
the increase of glucose and the suppressions (of acetone bodies) as insepar- 
able effects of a single specific chemical reaction between aldehydes and 
^-hydroxy butyric acid. Our paragraphs on "suppressions of the acetone 
bodies" and "acetaldehyde” bear further on this view. 
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III. These decreases in glucose and nitrogen might be ascribed 
(a) to a general shining of (he whole protein metabolism; (b) to re- 
tentions. Tile latter is probably the chief process concerned. 

(a) General slowing of the protein metabolism. During sleep the 
metabolism as a whole is somewhat decreased (Benedict^") and in 
drug narcosis the rate of tissue respiration is lessened, but, never- 
theless, heavj' doses of narcotics generally cause an increased out- 
put of nitrogen in the urine. Mild or merehv soporific doses do 
not exhibit such effects, and it is commonly said that the increased 
protein breakdown is a result of deep toxic effects of the nar- 
cotic drug comparable to those of arsenic, phosphorus, and other 
members of the so called “oxidation limiting” group.’® These 
deep effects, like the glycogen mobilizations, are intimately re- 
lated to the degree of asphyxia and acid produced. Unless these 
substances react differently in the diabetic than in the normal 
animal, there would be no basis for assuming that they may 
limit the protein catabolism as a whole. Ray, McDermott, and 
Lusk’® found that there was indeed some difference between the 
effects of phosphorus in non-diabetic and diabetic animals, in that 
phosphorus did not further increase the protein breakdown when 
this had already been driven to a maximum by phlorhizin. But 
even this does not impl.r anj’’ effect which could be called a gen- 
eral inhibition. 

(bj Retentions. Since the term retention is broad and one 
which is differently understood b3'’ different writers, it is necessary 
to make clear the sense in which it is here used. 

Local or tissue retention. “Retention” is emplojmd in this paper 
to denote, not merelj'’ the damming back of urinar}’- substances in 
the blood and other tissues by failure of Iddnc}’- excretion, but also 
the holding back of such substances by the tissues themselves. 
Such retention is not neccssarilj’- accompanied b}’’ an increased con- 
centration of urinary substances in the blood. It ma}^, however, 

Benedict; Carnegie Iiistitution of Washington, Publication No. 203, 
lOM. (In press.) 

For the literature on which these remarks are based the reader is re- 
ferred to Von Noorden’s Ilandb. dcr Path. d. Stoffivcchscls, Berlin, 2(1 
edition, 1900, ii, Chap. xv. 

>9 W. E. Ray, T. S. McDermott, and G. Lusk: Am. Jour. PhijsioL, iii, 
p. 139, 1S99-1900. 
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accompany the swelling of tissues with absorption of water, salts, 
etc., which constitutes edema, the latter term being used in the 
sense suggested by M. H. Fischer to denote a change in the charac- 
ter of the tissue colloids due to local interactions between them and 
certain tjiies of chemical substances important among which are 
acids. 

Chloroform is prone to cause swelling of cells, with fat infil- 
tration, necrosis, a hemorrhagic tendency, etc. Ether has not 
been obserr^ed to cause necrosis, but it maj" produce milder forms 
of parenchymatous degeneration and tissue swelling. Nitrous ox- 
ide has little tendency to produce any visible tissue changes. 
The tendency of chloroform, ether, and nitrous oxide to produce 
suppressions of glucose and nitrogen excretion in phlorhizinized 
dogs parallels their ability to produce changes in which tissue 
swelling is an important feature. Accordingly it might appear 
reasonable to suggest that these suppressions represent retentions 
by swollen tissues.-'' 

The visible changes in the tissues during narcotic poisoning are 
accompanied by fairly characteristic metabolic changes. Thus, 
chloroform and phosphorus given to non-diabetic animals not 
onl}’^ increase urinaiy nitrogen as a whole, but alter the nitro- 
gen partition. The same effect on the urine accompanies acute 
j’^ellow atroplty of the liver, and is seen less often after pro- 
longed ether narcosis and heavj’’ doses of other narcotic drugs. 
I^Tiile there are doubtless differences between the urinary changes 

Working with chloroform it is difficult to narcotize phlorhizinized dogs 
for more than 8 to 10 minutes without killing them ; although with ether, 
narcosis was successfully prolonged for 2 hours. Even with the shorter 
chloroform narcoses, all urinary secretions promptly fell to so low. a level 
as to mask any urinary evidences of a possible g^mogen mobilization. 
The great susceptibility of phlorhizinized dogs to chloroform is referred to 
the absence of the protective influence of glycogen. Graham, in this lab- 
oratory, produced characteristic pictures of chloroform poisoning in the 
kidneys and liver of phlorhizinized dogs with quantities of chloroform too 
small to exert such effects in well nourished animals. These experiments, 
in conjunction with the above mentioned suppressions, incidentally point 
to the danger which attends the use of chloroform in poorly nourished in- 
dividuals. Ether is only less likely to produce marked suppressions and 
visible changes in the organs. Nitrous oxide has proved relatively in- 
capable of causing such changes. In a necessar 3 ' operation upon a dia- 
betic individual it would seem that nitrous oxide should have preference. 
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encountered, on the one hand, after poisonings with different 
members of the group of drugs under discussion, and, on the 
other, in acute yellow atrophy and similar liver diseases, they 
have certain points in common, so that in general it may be said 
that the -percentage of -urea nitrogen is decreased a7id the percentage 
of “rest” nitrogen mcreased. 

Salkowski=‘ found in the urine of a ease of acute yellow atrophy a large 
quantity of nitrogen in colloid but non-coagulable form. Mancini” also 
found an increase of the colloid nitrogen of the urine in different liver dis- 
eases. In two cases of phosphorus poisoning Sjoquist found urea 55.1 ami 
00.6 per cent; NH3 27.6 and 14.2 per cent; “rest” N 17.3 and 20.2 per cent.-' 
Howland and Pdehards-^ found in chloroform poisoning that the unde- 
termined nitrogen of the urine was markedly increased, while urea showed 
a relative decrease or even an absolute decrease in spite of the great rise 
in total nitrogen, and observations tending similarlj- have been made for 
a number of other 2 }ercot!e dings. 

From the above considerations it is clear that following the 
administration of drugs like chloroform and ether to diabetic 
dogs, there occurs a series of changes in the tissues, notably the 
liver, kidneys, and blood, which involves alterations in their 
physicochemical and purely chemical composition, also even in 
their gross physical characteristics. All these changes arc inti- 
mately connected. They'’ closely resemble the changes produced 
by^ asphyrxia and acid, and merge insensibly with the problem of 
edema. It is concluded that such changes afford ample material 
with which to construct explanations for the observed suppres- 
sions of glucose and nitrogen, but that details of the mechanism 
can scarcely be discussed further than to suggest that the sup- 
pressio77s in question represent retentions due to the e,(f eels on the tis- 
sues of an asphyxia- and edema-producing drug. 

2. Suppressions of the acetone bodies. If the suppressions of 
glucose and nitrogen are correctly interpreted as retentions in the 
sense indicated, this implies the existence of conditions which 

E. Salkowski: Bert. klin. Wchnschr., xlii, p. 1581, 1905. 

S. Mancini: Arch, di farm, sper., v, pp. 395-^407, 1906. 

Cited from Wiechowsk'' in Neubaucr-IIuppcrt’s Analyse des Barns, 
yyiesbaden, 11th edition, 1910, p. 498. 

=' J. Howland and A. N. Richards; Jour. Exptr. Med., xi, pp. .344-372, 
1909. 
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would necessarily diminish the output of acetone bodies. That 
this actualh' occurred can occasion no special comment or be re- 
garded as evidence of any additional process, unless, since the 
acetone bodies arise not wholly from protein, but in part from 
fats, it might be suggested that the narcotics derange the fat 
metabolism along nith that of protein and as part of the same 
general intoxication 

A cetaldehyde. 

Ringer and Frankel^ gave acetic and propionic aldehydes to 
dogs which had been phlorhizinized in the way outlined on page 
1. They noted an increase of gl3’cosuria in the aldeh3"de periods, 
and a decrease in nitrogen lasting 12 to 24 hours after the 
aldeh3'de administration, accompanied b3' a fall in the acetone 
body output. Reference to their protocols will also show that 
following the increase in glucose there was at times a secondar3'' 
fall to a point below the level of the fore-periods, similar to those 
described b3' us for ether, although these writers do not discuss 
this feature. 

In their E.xperiment XXIX (p. 578), glucose for the last fore-period 
is 17.59 gm.; for the 12 hours in which acetaldehj'de was given, 24.85 gm.; 
for the ne.xt 12 hours, 13.90 gm. Similarly in E.vperiment XXVII (p. 575) ; 
Experiment XXVIII, periods 14 and 15 (p. 576); and in E.xperiment 
XXX (p. 578). 

Ringer and Frankel propose to interpret these results as follows: 
“Extra sugar,” reckoned as the difference between the number of 
grams of glucose excreted in the experimental period and the num- 
ber of grams of nitrogen times G: N (w'hen G: N equals the aver- 
age G:N ratio foimd in the control periods), represents literall}^ 
so man3’- grams of newb’’ formed sugar, regardless of whether this 
value has its counterpart in a corresponding absolute increase of 
the glycosuria or not. “Extra sugar” so reckoned having in some 
instances exceeded the 12 grams which might theoreticall3' be de- 
rived from the 8.8 grams of aceta]deh3’’de given, acetaldeh3^de 
therefore promotes a new^ formation of sugar from fat. It does 
this, they suggest, b3'- entering into a glucoside-like union with 
^-hydrox3’^ butyric acid at the aldeh3''de group, to 346^ a new sub- 

^ I. Ringer and E. 31. Frankel: this Journal, xvi, pp- 56.3-579, 1913-14. 
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stance which is gluconeogenetic. Incidentally this substance is 
non-ketogenetic. Hence the increase of glycosuria and the fall 
in the acetone bodies are both expressions of one and the same 
chemical mechanism, a reaction for the fulfillment of which sub- 
stances containing aldehyde groups are essential. In this paper 
and in a later one Ringer=® assigns to hypothetical glucoside unions 
of this type a deep biologic significance and proposes that sugars 
and all so called antiketogenetic substances contain aldehyde 
groups and operate in this way; also that failure to consummate 
such glucoside-like unions lies at the bottom of all chemical dis- 
turbances in diabetes. 

There are many obvious objections to this hypothesis of nnti- 
ketogenesis and diabetes, but we shall here discuss somewhat in 
detail only the experimental work upon wliich it is based. In the 
first place, a comparison of the protocols of these aldehyde e.\peri- 
ments with those of the present series with ether in which the 
technique of phlorhizinizationwas identical (Experiments 1,11,111) 
will show that ether may produce effects which differ in no essen- 
tial from those obtained by Ringer and Frankel. Accordingly it 
is clear that such changes are in no sense specific for substances 
containing aldehyde groups. Secondly, acetic and propionic al- 
dehydes are narcotic substances. Acetaldehyde, with its close re- 
lationship to paraldehyde and chloral, is particularly easy to 
identify as such, and, in harmony with data to be found in te.\t- 
books, we find that guinea pigs may be completely anesthetized 
bj'’ acetaldehyde inhalation much as with ether, although the stage 
of excitement is more violent. It would seem reasonable to ex- 
pect, therefore, that the changes produced in the urine of phlor- 
hizinized dogs by this substance should be interpreted along such 
lines as have already been suggested for narcotics generally. If 
so, acetaldehyde should fail to increase the glycosuria in phlor- 
hizinized and completel}'^ deglj'-cogenized dogs. 

Experiments were made by us with acetaldehyde in phlorhi- 
zinized dogs that had been epinephrinized as described on page 
4 (see Experiments VIII, IX, X, XI) In Experiment VIII; 
and in all others, 8.8 grams of acetaldehyde were given subcut a- 

-5 A. I. Ringer: ibid., xvii, pp. 107-119, 1914. 

A considerable part of this work was carried out bj’ Dr. Erich 
Schwartze, whoso assistance is herewith acknowledged with pleasure. 
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neously as in the experiments of Binger and Frankel. During the 
acetaldehyde period there was a very slight total increase in glu- 
cose with no significant change in nitrogen, hence a slight rise in 
G:N and “extra sugar” not to exceed 0.42 gram. The acetone 
bodies remained constant. In the 12 hours following the alde- 
hyde period the glucose returned to its original level, but the ni- 
trogen and acetone bodies fell somewhat and the G : N ratio rose 
correspondingly, while “ extra sugar” figured literally as the grams 
of glucose minus the product (grams nitrogen by the average 
G: N ratio of the fore-periods) would be for this period 1.3 grams. 
In Experiment IX there was, following the aldehj^de administra- 
tion, a decrease in the total glucose from 26.10 to 22.98 grams, 
nitrogen falling in proportion and G : N remaining constant at 
3.20 and 3.17. In the nexi; 12 hours the fall in glucose continued, 
but now the nitrogen fell even more markedly as in Experiment 
Mil, thus increasing the G:X ratio from 3.17 to 5.30. After 
this period the dog was moribund. Although there was a total 
decrease in glucose, if “e.xtra sugar” is figured in the wa}' de- 
scribed, it would appear as though 8.36 grams of new sugar had 
been formed. In Experiment X there were similar decreases of 
glucose and nitrogen, with a rising G; X ratio and ‘‘e.xtra sugar” 
at 4.10 grams, in spite of an absolutely decreased output of glu- 
cose. Here again the experiment was terminated by the animal’s 
condition. In Experiment XI the glucose was reduced from 12.90 
to 6.90 grams and nitrogen from 4.31 to 1.15 grams, so that the 
ratio rose from 3.0 to 6.0. Again the dog died. 

In Ringer and Frankel's E.xperiment XXX (p. 578), there 
was, as in the present series, no significant total increase of 
the glucose, but the usual fall in nitrogen, a rising ratio and 
“extra sugar” reckoned at 3.2 grams. Since no records of an 
after-period are recorded, the experiment perhaps was ended in 
this case also by the animal’s condition. 

In none of these experiments w'as there an actual significant 
increase of the glycosuria. Even “extra sugar,” literally inter- 
preted, never exceeded the 12 grams which could be formed if all 
the carbon in the acetaldehj’-de had been converted into glucose. 
That this might occur in incompletely deglycogenized dogs is, 
however, evident from experiments mth nitrous oxide and epineph- 
rin. Here all the carbon in the substances given was nil or neg- 
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ligible. It is a curious fact that Rudinger, Eppinger, and Falta 
for this reason, held that epinephrin was capable of causing a new 
formation of sugar from fat, a fallacy which Ringer himself was 
instrumental in demonstrating. 

The question arises as to whether an increased G : N ratio can 
be regarded as evidence of any new formation of sugar at all, 
when it occurs, as in these experiments, with a stationary or fall- 
ing glucose output, and sometimes dela3’-ed. We think not. .As 
shown on page 10, the known effects of narcotic drugs on the 
protein metabolism and the viscera are sufficient to account for 
such changes. Similar phenomena may be encountered in the 
late stages of experiments in which onlj'- phlorhizin and epineph- 
rin are given, an e.\'ample of which is presented in periods IS and 
19 of Experiment XII. Ritzmann-® has shown that the power of 
epinephrin to mobilize glycogen probabb’' I'ests on the asphy.\ia 
which results from the constriction of vessels; i.e., presumably 
on an increased acid conlcnl. in the glycogen-containing organs, 
notablj'' the liver. As alreadj'’ pointed out, narcotic hypergly- 
cemias may be referred likewise to asphyxia (and hence acid). 
Is it remarkable that with prolonged epinephrinization further 
changes should appear analogous to those seen with deep nar- 
cotic intoxication? 

It is concluded that the c.xperiments offer no evidence that 
acetaldehyde is itself convertible into glucose or capable of 
promoting any new formation of sugar, which is in harmony 
with the observations of Friedmann-® that in liver perfusion ex- 
periments acetaldehj'’de is an acetone former, and not a sugar 
former. It is also concluded that the hj’^pothesis that acetalcie- 
h^ffie promotes a new formation of sugar from fat has no more 
support than that which assigns to epinephrin a similar powei. 
The hypotheses of antiketogenesis and diabetes which arc based 
on the assumption that acetaldehj’'de promotes a new formation 
of sugar from fat are whollj'- untenable. 


II. Ritzmann: Arch. f. exper. Path. u. Pharmakol., l.xi, p. 231, 1909. 
Friedmann: Biochem. Zlschr., xi, p. 145, 1913. 
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SUMMARY. 

Dogs were prepared (A) by lasting and 12 to 24 hourly sub- 
cutaneous injections of 1 gram of phlorhizin suspended in olive 
oil until the G : N ratio in the urine became constant, and (B) by 
the same method plus 2 or 3 hourly subcutaneous doses of epineph- 
rin until these no longer affected the glycosuria or the G : N ratio. 

The experiments confirm earlier obsen^ations of Lusk and his 
pupils that fasting and phlorhizin alone do not remove all glyco- 
gen from the body, but that this may be done by supplementary 
doses of epinephrin. 

In dogs prepared by (A) narcosis with ether or with nitrous 
o.xide was followed by excretion of extra sugar, but not in dogs 
prepared by (B). The extra sugar, therefore, comes from glyco- 
gen. The effect is equivalent to the narcotic hypergljmemias and 
glycosurias of non-diabetic animals, and probably depends on the 
degree of tissue (liver, muscle) aspbjnda produced, with whatever 
acidity this. implies; vice versa, ether and nitrous oxide hj’-perglj’-- 
cemias are due wholly to mobilizations of glycogen. 

Method A, as used bj' a number of writers, is not reliable for 
the study of new sugar formation follomng administrations of sub- 
stances that may cause hypergl}'cemias in non-diabetic animals; 
(notably free acids, certain alcohols, etc.), or substances that 
favor tissue asphjoda generally, since they might lead to the ap- 
pearance of e.xtra sugar from gtycogen. 

Following ether narcosis there were lessened excretions of nitro- 
gen and the acetone bodies, and, following the preliminary’’ increases 
of glucose when such occurred, lessened outputs of glucose also. 
Suppressions were minimal after nitrous oxide, maximal after 
chloroform; they parallelled the toxicity of the drug used and 
represent retentions due to anomalies of metabolism and excretion 
associated with tissue injuries and edemas, similar to those pro- 
duced by asphyxia and acid. 

Following ether narcosis in dogs prepared by A, the results 
were similar to those obtained and differently interpreted by 
Ringer and Frankel following aldehj^de administration to dogs, 
also prepared by^ A. Experiments uath acetaldehj^de by method 
B have given no support to the hypothesis that this drug leads to 
new formahons of sugar from fat or any other source, or that its 
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effects are peculiar to substances containing aldehyde groups as 
suggested by these writers. The h 3 ’-pothesis that antiketogenesis 
and diabetic phenomena generally depend upon the occurrence 
or non-occurrence of glucoside-like unions between aldehj^des and 
alcohol groups is also wholly untenable. 

If 0.25 to 1 mg of epinephrin is given subcutaneously during 
the fore-period of experiments with diabetic dogs, it serves to re- 
veal the presence or absence of glycogen. This is suggested as a 
procedure which might well be used as a check in all experiments 
on diabetic animals in which the mobilization of gbrnogen could 
lead to erroneous conclusions. 

Method B has certain practical advantages over the method of 
combining the effects of phlorhizin and cold, in that the animal 
need not be taken from the cage, and the risk of losing urine is 
eliminated. The objection that night work is necessitated by 
epinephrin injections every 3 hours for 18 to 24 hours may be 
removed by giving the epinephrin for an equivalent time on suc- 
cessive days. 

EXPERIMENTS. 

In all the experiments the animals were bull terriers weighing 
15 to 25 kg. The epinephrin was Parke, Davis tt Co.'s adre- 
nalin 1 :1000 solution with chloretone, of which 1 cc. was taken 
as 1 mg.; phlorhizin (Merck’s); acetaldehyde (Kahlbaum’s); 
chloroform (Malinckrodt’s "anesthetic”); ether (Squibb's); ni- 
trous oxide (that prepared for anesthetic purposes by the Chicago 
O.xygen Gas Co.). 

The animals were kept without food and the urine was I’cmovcd 
from the bladder bj'- catheter, with subsequent irrigation, at such 
intervals as were found necessary to preclude urination in the 
cage, and for sharp separation of periods. 

Analytical methods. Glucose was determined by^ titration ac- 
cording to Bang, and by polariscope in every instance. After 
drug administrations these methods were carried out before and 
after fermentation with ymast and supplemented by readings in 
Lohnstein saccharimeters. Since the inclusion of the figures ob- 
tained bj' these methods neither adds to nor detracts from the sig- 
nificance of the titration figures, only tlie latter are given in the 
tables. Nitrogen was determined by'- Kjeldahl, acetone and aceto- 
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acetic acid by the conventional distillation iodine-thiosulphate 
method. /3-Hydro.vy butyric acid was determined by ether ex- 
traction, according to Black, the residue obtained after separa- 
tion of the ether being then subjected to Shaffer’s bichromate 
exudation method. 

“Extra sugar” on the charts refers always to the difference 
G — (N X G: N), in which G = grams of glucose for the period; 
N = grams of nitrogen for the same period; and G; N = the aver- 
age G:N ratio for the two periods preceding, unless otherwise 
noted. 

“Gross sugar increase” is the difference between the grams of 
glucose for a given period and the average glucose excretion in 
grams for the two preceding periods. 

Experiment I. Ether. The dog received 1 gm. of phlorhizin suspended in 
olive oil subcutaneously once every 24 hours. ^Vhen two successive peri- 
ods had shonn ratios of 3.97 and 3.76 respectively, the dog was kept asleep 
by ether inhalation during four separate 30 minute intervals. Note (1) 
the primary increase in glycosuria in the ether period with subsequent 
suppression in period 4; (2) depression of nitrogen in periods 3 and 4, with 
rising tendency in later periods; (3) depression of acetone bodies in ether 
period with later steady rise. These results are essentially those seen 
by Hinger and Frankel with acetaldehyde. 


o 

o 

c 

K 

e. 

e 

tz 

a 

a 

s 

o 

u 

p 

c 

r. 

'A 

O 

C 

g 

7: 

1 

< 

O 

P 

m 

t 

y 

a 

< 

o 

ic 

01 

H 

c 2 

o 

K 

S: 

o 

u 

*< 

P 

P 

>5 

y. o 
o < 

:£ o 

z 

T t' 

1 

O ® 

nSUA.BK6 


gm. 

gm. 


gm. 

gm. 

gm. 

gm. 



1 

19.25 

4.84 

3.97 



0.123 

0.117 0.338 


2 

16.75] 4.45 

3.76 



0.134; 0.113, 0.354 


3 

25.62 

S.72 

6.88 

11.26 

7.62 

0.086 

0.066 

0.220 Ether narcoris 










2 hrs. 

4 

12.44 

3.39 

3.67 



0.229 

0.042 

0.453 

5 

10.75 

3.56 

3.02 



0.229 

0.110 

0.521 


6 

12.00 

3.92 

3.03 







7 

10.88 

3.47 

3.13 







8 

13.13i 4.12 

3.19 








t Inclusive of aceto-acetic acid. 

• Reckoned in terms of /3-hydroxy butjTic acid. 



18 


Narcotic Drugs in Phlorliizin Diabetes 


Experbnents II, III, and IV. Ether. The ether was administered in each 
case by inhalation. In E.xperunents 11 and IV the preparation was (he 
same as in Experiment I. But in Experiment III (in the center) the dog 
was given epinephrin until it could be omitted and resumed without af- 
fecting the G: N ratio before narcotizing. 
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Expcrimcnls V and VI. Hilroiis oxide. The dog was phlorhizinized as in 
Experiment I. In the second half of the third 12 hour period of \-irtuaIl3' con- 
stant ratios the dog was kept asleep for 2 hours by means of X-O inhalations. 
The chart shows 12 hour periods and also analj'scs for the G hour half periods 
including the narcosis. In the first half of period 5 the narcosis was repeated 
as before. Note the absence of anj' marked decrease in nitrogen or marked 
fall in sugar following initial rise, also steadv' increase of the acetone bodies. 
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Experiment VII. Xitrous oxide. The dog was phlorhizinized as usual and 
given some cold bathing. The figures on the chart begin with the 36th hour 
of preparation. Epinephrin was begun in period 4. The 2 hour nitrous oxide 
narcosis was conducted as in Experiments V and VI. 
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9 19.61; 5.52 
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j Epinephrin as above. 


* Based on figures of period 7. 
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Experiments VIII, IX, X, and XI. Acetaldehyde. The aninials wore given 
phlorhizin in the usual way plus epinephrin until G:N was constant. The 
acetaldehyde (Kahlbaum’s) was given once pure (VIII) and three times in 
olive oil emulsion (IX, X, XI). 
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tancously each 3 hrs. 
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10.94 

3.68 
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Ously each 3 hrs. 


3 

10.94 

3.80 
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4 
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3.76 
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Experiment XII. Phlorhizin alone, and plus epinephrin. The animal 
was phlorhizmized by the usual method until G.'IS* was rirtually con- 
stant, and then was epinephrinized. JCote the rising G: N ratio during 
the last 12 hours with falling glycosuria similar to that seen in acetalde- 
hyde experiments. In these periods the heart was failing. 














THE CHOLESTEROL ]V[ETABOLISM OF THE HEN’S EGG 
DURING INCUBATION. 

By J. HOWARD ilUELLER. 

(From Ihe Deparlmenl of Pathology of the College of Physicians and Surgeons, 
Cohtmbia University, New York.) 

(Received for publication, February 20, 1915.) 

The large amount of work which has been carried out dealing 
with the various aspects of the pbysiologj' and pathologj’’ of 
cholesterol, -leaves mam^ points to be cleared up before an accurate 
understanding of this complex question is possible. It has long 
been known that cholesterol occurs in the blood and tissues in 
two principal conditions; namel 3 % free, and combined with the 
higher fatty acids as cholesterol oleate, palmitate, and stearate.* 
Little or nothing is known concerning the importance of the 
relative proportions of these two forms. Until the elaboration 
bY' Windaus- in 1910 of a quantitative method which made pos- 
sible the determination of the two fractions separatelj', it was 
impossible to obtain any accurate information on the point. 
Since that time many interesting investigations have been car- 
ried out, principally upon the cholesterol of blood in diverse 
physiological and pathological conditions, by Gardner and co- 
workers,^ Henes,^ Havers,® and others. 

There is as yet, however, no clear conception of the origin 
of the esters of cholesterol in the bod 3 ^, nor of their possible 
reconversion into free cholesterol. As a result of the work of 
Gardner and others, it is now pretty definitelj^ established that 

' K. Hurthle: Ztschr. f. physiol. Chem., xxi, pp. 331-359, 1895. 

- A. Windaus: ibid., Ixv, pp. 110-11/, 1910. 

* C. Dor5e and J. A. Gardner: Proc. Roy. Soc., Series B, Ixxx, pp. 212- 
239, 1908; Ixxxi, pp. 109-128, 1909. M. T. Fraser and J. A. Gardner: ibid., 
Ixxxi, pp. 230-247, 1909; Ixxxii, pp. 559-55S, 1909-10. J. A. Gardner and P. 
E. Lander: ibid., Ixxxvii, pp. 229-236, 1913-14. 

* E. Henes; Deutsch. Arch. f. klin. Med., cxi, pp. 122-145, 1913. 

* K. Havers: ibid., cxv, pp. 267-289, 1914. 
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24 Cholesterol Metabolism of the Hen’s Egg 

all the cholesterol of the body is taken in with the food, and that 
there is no synthesis of cholesterol in the body. Under normal 
dietary conditions the cholesterol of the food must be quite largely 
in the uncombined condition. It may be said that there are two 
sources of origin for it; namebq vegetable food and animal food. 
Since there is no synthesis b3>- animals, the original substance 
must be one ot the so called “phytosterols,”® substances which 
are probably of the same or nearly the same chemical formula 
as cholesterol itself, and which appear to be readily changed 
over by animals into true cholesterol. As far as I am aware, 
these phytosterols occur in plants only in the free or uncom- 
bined form. Hence the esters occurring in the animal body 
must be products of its own metabolism. 

It seemed possible that a study of the cholesterol content 
of the egg during the period of incubation might throw some 
light on the relation of cholesterol and cholesterol esters in the 
life processes of animals, and that here, from the nature of the 
case, conditions would be ideal for studying this relation. The 
total cholesterol of eggs in varying stages of incubation has been 
investigated by Mendel and Leavenworth^ and by Ellis and 
Gardner® in order to determine whether there might be an in- 
crease attributable to a synthesis. Their results were negative 
in that respect, their figures showing, hoAvever, a small but con- 
sissi decrease wliee avetages oi a nnmher of determhaiiovs hsrr 
been made. This they attribute to experimental error, but it 
may be said in passing that there is some evidence® in support 
of the belief that bile acids are formed from cliolesterol. Should 
this prove to be tluj case a slight decrease might be satisfactorily 
accounted for. 

As regards the cholesterol ester content of chick embryos, 
Hanes*® observed microscopically the presence of doubly re- 

' A. Windaus and A. Hauth: Bcr. <1. dciitsch. chon. GcscUsch., .\xxix, 
pp. 437S-43S4, 1906. A. Windaus and A. Welsch: t'bid., pp. 612-61G, 
1909. 

7 L. B. Mendel and C. S. Leavenworth; Am. Jour. Physiol., xxi, pp- 
77-84, 1908. 

8 G. W. Ellis and J. A. Gardner: Proc. Roy. Soc., Scries B, Ixxxi, pp- 129- 
132, 1909. 

® J. Lifschiitz: Zischr. f. physiol. Chem., xci, pp. 309-328, 1914. 

>0 F. M. Hanes; Jour. Exper. Med., rr'i, pp. 512-526, 1012. 
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ractile fat droplets in the liver from the fifteenth day up to hatch- 
ng, and also their persistence for about two weeks or more in 
;he chick after hatching; but he notes their absence in the liver 
)f the adult chicken. These doubly refractile droplets, becom- 
ng isotropic at about 40° to return again to the anisotropic 
condition upon cooling, are recognized as consisting for the most 
part of cholesterol esters. As far as I know this is the only 
record of such an observation, and since Hanes made no chemical 
analj'ses, it seemed desirable to do so. Hanes related the appear- 
ance of the esters to the process of calcification, and this question 
will be taken up more in detail after a consideration of the analyt- 
ical results obtained. 


Method of analysis. 

The eggs used were all from the same breed of chicken. Beginningwith 
the third day, an egg was broken ever}' second day, the embryo cut into 
small pieces with scissors and placed together with the yolk sac and other 
contents, in alcohol. After twenty-four hours the alcohol was changed 
and later was replaced by ether. Following one change of ether, the solid 
material was dried and ground in a mortar. The combined alcoholic and 
ether extracts were evaporated to dryness and taken up in ether, the 
ether-insoluble part being rubbed up with dry sodium sulphate and added 
to the other solid material. This was now extracted for forty-eight hours 
in a Soxhlet apparatus, the extract transferred to a volumetric flask and 
made up to 100 cc. with ether. 10 cc. of this were used for the determina- 
tion by the Windaus method” with a modification very similar to that of 
Fraser and Gardner.” The ether was evaporated off, about 30 cc. of 
alcohol were added, heated to boiling on the water bath and a 1 per cent 
solution of digitonin in 90 per cent alcohol was added. The alcohol was 
then evaporated off in a current of cold air from an electric fan, and the 
drying finished either by gentle warming, or by placing in a vacuum des- 
iccator over sulphuric acid for a few hours if necessary. It was then 
taken up in ether, filtered through a tared filter paper, using as the tare 
a similar filter paper, which during the analyses was put through the 
same washing as the one containing the precipitate. This consists in 
washing thoroughly with ether, drying, and washing with boiling water. 
The two papers are finally dried at 105“ to 110° for an hour and weighed. 
The ether washings are evaporated, the residue saponified with 2 gm. 
KOH in alcoholic solution for two hours on a water bath, then diluted with 
water and extracted with ether, using five 25 cc. portions. The com- 


” Windaus: loc cit. 

” Fraser and Gardner; ioc. cit. 



26 Cholesterol Metabolism of the Hen’s Egg 


bincd ether extracts are shaken out with two small portions of distilled 
water to remove small quantities of alkali which always contaminate 
the extract. The ether is then evaporated and the determination of choles- 
terol made as before. This final determination gives the cholesterol 
present originallj" as the ester. 

The following protocol shows the results obtained. 


DAT OF 
IKCOBATION 

FREE 

CHOLESTEROL 

COMBINED 

CHOLESTEROL 

FREE 

CHOLESTEROL 
IX TOTAL 


gm» 

gm. 

per cent 

3 

0.2159 

0.0242 

89.92 

5 

0.2470 

0.0252 

90.74 

7 

1 0.2643 

0.0396 

86.97 

9 

0.29S5 

0.0354 

1 89.40 

11 

0.2249 

0.0243 

90.25 

13 

0.1993 

0.0389 

S3.6G 

15 

0.2035 

0.0827 

71.10 

17 

0.2115 

0.0732 

74.29 

19 

0.1789 

0.0831 

68. 2S 

21 

0.1575 

0.1109 

58. 6S 

♦2 

0.1539 

0.1026 

60.00 

*9 

0.1289 

0.0469 

73.32 


* Age ot chick. 


It is a recognized weakness of the Windaus method that in 
the presence of any considerable quantity of other lipoid material, 
values for the combined or ester fraction are too high. Since this 
condition obtains in these analyses, it may probably be safely 
assumed that the 10 to 12 per cent of ester found during the 
first two weeks is more than is really present, and that most of 
the cholesterol present is free. 

While only one analysis was made in each case, the genera) 
trend of the process is very evident, consisting in little or no 
change up to about the end of the second week, and from then 
until the twenty-first day a rather sudden increase in the amount 
of combined cholesterol, causing a lowering of the proportion of 
the free to a minimum of about 60 per cent of the total. Follow- 
ing hatching of the chick there appears to be a slow' decrease in 
the proportion of esters, but more analyses are necessary for 
definite conclusions as to this. 

In general the results obtained bear out to a surprising degree 
the conclusions drawn by Hanes from microscopical observations. 
It should be noted, however, that by no means all of the esters 
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present are contained in the liver, nor is the cholesterol of the 
liver all in the combined form. The livers of five twentj" day 
erabrjms were analyzed together, jielding 0.0179 gram of free 
cholesterol and 0.0516 gram of combined cholesterol, while in 
the combined bodies of the five erabrims, with the yolk sac, still 
partially unabsorbed, there must have been about 0.3 gram 
of combined cholesterol. 

As to the significance of this rather sudden production of 
cholesterol esters during the final week of incubation, it was the 
idea of Hanes that they were connected with the process of cal- 
cification in the following way. Plimmer and Scott” showed 
by analyses of the phosphorus compounds of the incubated egg, 
that, corresponding to the period of calcification, viz., from the 
fourteenth da}-- on, there was a sudden drop in the amount of 
lecithin or “phosphorized fats” which had pre%nousl 3 ^ remained 
prett 3 ’ constant. Since the decrease in the wtellin phosphorus 
was gradual and fairl 3 ^ constant during the whole three weeks 
of incubation, it seemed plain that the phosphorus necessaiy 
for calcification came from a breaking down of the lecithin. 
Hanes believes that in this breaking down, which he suggests 
ma 3 ' take place in the liver, some of the liberated fatt 3 ' acids, 
which might otherndse gxert a toxic action, are combined with 
the cholesterol to form non-toxic substances, the cholesterol esters. 

This theor 3 ^ fits the known facts well. It is at once evident, 
however, that approximately 0.10 gram of cholesterol is inade- 
quate to combine with the fatt 3 ^ acids liberated in the breaking 
clown of 0.7 to 0.9 gram of lecithin. Still it ma 3 ' be readil 3 ’' be- 
lieved that the greater part of the acid could be oxidized or re- 
combined as a neutral fat with gl 3 ^cerol, onl 3 '' a small part being 
left unprovided for, to be taken care of hy the cholesterol. 

As to the ultimate fate of these accumulations of esters, little 
can be said with assurance. It is certain that there is a decrease 
in the proportion of esters, beginning soon after, hatching. Roh- 
mann,” Schultz,” C 3 dronberg,” and Gardner and Lander” have 

” R. H. A. Plimmer and F. H. Scott; Jour. Physiol., xxxviii, pp. 247- 
253, 1909. 

F. Rohmaun; Berl. klin. Wchnschr., xlii, pp. 1993-1994, 1912. 

” J. H. Schultz: Biochem. Zlschr., xlii, pp. 255-261, 1912. 

“_S. Cytronberg: ibid., xlv, pp. 281-283, 1912. 

'• Gardner and Lander: Biochem. Jour., vii, pp. 576-595, 1913. 
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reported the splitting of cholesterol esters on cautolysis of liver 
or mixtures of liver and blood from various animals, presumablv 
by the ^action of some specific enzyme. Eothschild*® believes 
that he has microscopical evidence for the splitting of these esters 
in the Kupflfer cells of the liver. We have been unable to ob- 
tain results suggesting enzjmie action in the liver either of chicks 
just hatcliing, or of adult chickens, but propose to investigate 
this point further. 

There seems, then, to be evidence that cholesterol is, at least 
in part, a protective substance, having for its function the power 
to combine with and “detoxify” the fatty acids, substances which 
when introduced into the circulation exert a marked toxic action 
through hemolysis. 

It is worthy of note in this connection that cholesterol can also 
unite with the various saponins, substances which are also hemo- 
lytic. Upon tliis union the Windaus method depends for esti- 
mation of cholesterol, the compound with digitonin (a saponin) 
being of definite composition, and very difficultl}’’ soluble in alco- 
hol, from which it ciystallizes. 

CONCLUSIONS. 

1. The cholesterol of the newly laid hen’s egg is practically 
all in the free condition. 

2. During the period of incubation this condition obtains 
until about the thirteenth day, from which time there is a gradual 
esterification until, at the time of hatching, over 40 per cent 
of the cholesterol present is in the form of esters. 

3. The esterifying cholesterol may function as a detoxifying 
substance, with wdrich the toxic fatty acids, set free from lecithin 
during the latter stage of embryonic development, combine to 
form harmless esters. 


“M. A. Rothschild: Proc. Y. Path. Soc., xiv, pp. 159-171, 19M. 



THE ESTIMATION OF LIPOID AND ACID-SOLUBLE 

PHOSPHORUS IN SMALL AMOUNTS OF SERUM.* 

Bt ISIDOR GREENWALD. 

{From the Harriman Research. Lahoralory, Roosevelt Hospital, New York.) 

(Received for publication. March 6, 1915.) 

In previous publications- the author has shown that the phos- 
phorus compounds of blood and serum maj’’ be divided into three 
classes: (1) lipoid; (2) a form soluble in a mixture of picric and 
acetic, or hydrochloric acids, and probably inorganic in nature; 
(3) protein. The last is present only in small quantities in 
blood. In serum, if present at all, it is negligible in a determina- 
tion of the other fractions. Although the fact was not em- 
phasized at the time, it is evident from the experiments then 
reported that all the lipoid phosphorus is carried doi^m in the 
precipitate produced by the addition of blood or serum to picric- 
acetic acid mixture. 

These experiments may be briefly summarized here. Blood or serum 
was treated with acetone and the precipitate extracted with boiling ace- 
tone. The combined extracts were evaporated and the lipoids precipi- 
tated with chloroform and dilute hydrochloric acid.’ The filtrate from 
the lipoids contained only traces of phosphorus. The residue from the 
acetone e.vtract was extracted with boiling alcohol and then with boiling 
ether. Only traces of phosphorus were found in the combined extracts. 
The resulting residue was treated with a saturated solution of picric acid 
in 0.4 per cent hydrochloric acid. The amount of phosphorus in a meas- 
ured portion of the extract was estimated, and the total acid-soluble phos- 
phorus calculated. Added inorganic phosphate was quantitatively re- 
covered in the acid extract. Precipitation of the proteins and lipoids 
of the blood with a solution containing 1 per cent each of acetic and pic- 


‘ Reported to the Society for Experimental Biology and Medicine. 
January 20. 1915. Proceedings, xii, p. 71, 1915. 

’ I. Greenwald: this Journal, xiv, p. 369, 1913; Am. Jour. Med. Sc., 
cxUii, p. 225, 1914. 

’ W. Koch and H. S. Woods: this Journal, i, p. 206, 1905-06. 
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ric acids yielded the same amount of acid-soluble phosphorus as thepre- 
ceding treatment. Added inorganic phosphate was also completely 
recovered. 

This procedure has now been combined with the Ncum.'inn 
method of oxidation and the method of Pouget and Chouchak* 
for the determination of minute quantities of phosphoric acid 
for the purpose of estimating the amount of lipoid and other 
forms of phosphorus in small quantities of serum (1 cc. and less). 
This method apparently depends upon the formation of strych- 
nine phosphomolybdate in a finely suspended condition. Al- 
though not apparent until placed in the colorimeter, the opales- 
cent liquid has a yellow color, the depth of which is, within wide 
limits (from a concentration of two-thirds to over twice the 
standard), proportional to the amount of phosphoric acid present. 
This method has been in use for some time and has given satis- 
factory results, duplicate determinations agreeing closely with 
one another and with the values obtained by a modified Neinnann 
method.® The error is about =fc 2 per cent. A few compari- 
sons with the Neumann method are given in Table I. 

TABLE I. 

Amount of phosphonis in varioiis specimens as determined by a modified 
Neumann method and by the micro method. 



NEUMANN METHOD 

MICRO METHOD 


per cent 

per ccfi< 

I 

0.0138 

0.0136 

II 

0.0243 

0.0239 


fo.iios 

[0.1176 

Ill 

\0.1152 

\o.ll70 


The procedure is as follow's: 1 cc. of serum is measured into 
a 10 cc. volumetric flask containing about 8 cc. of the picric- 
acetic acid mixtui’e, and the volume made up to the mark with 
the same solution. The serum must be free from hemoglobin, 
as otherwise it contains enough inorganic phosphates derived 
from the erythroc 3 ries to vitiate the analj'scs. After standing 

*■ I. Pouget and D. Chouchak: Bull. soc. chim., series 4, v, p. 101, HWOi 
ix, p. 649, 1911. 

‘Greenwald: this Journal, xiv, p. 369, 1913. 
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for two hours with occasional shaking, the mixture is filtered 
through a 5.5 cm. No. 589 black ribbon S and S filter paper into 
a standard 10 cc. graduated cylinder. After reading the volume 
of the filtrate, it is transferred to a Jena test-tube, 200 by 20 mm. 
A few small glass beads are added and the liquid is boiled down 
to a volume of about 1 cc.; 1 cc. of concentrated sulphuric acid 
is added and the naixture is heated until all the picric acid has 
been distilled off. (The sides of the tube should be heated to 
insure the complete removal of the picric acid.) The o.xidation 
is completed by the addition of one or two ‘drops of concentrated 
nitric acid and subsequent heating. The residue and the filter 
paper are transferred to another testr-tube, 1 cc. of sulphuric 
acid is added, and the o.xidation is carried out in the usual manner, 
using as much nitric acid as is necessarj'. After cooling, the acid 
is diluted and almost neutralized with 10 per cent sodium hy- 
droxide (from sodium) solution. The solution is then made 
up to a convenient volume, generally 50 cc., and aliquot portions, 
generally 20 and 10 cc., are taken for the determinations. These 
amounts are measured into 50 cc. volumetric flasks, 5 cc. dilute 
nitric acid (35 cc. concentrated acid diluted to 100 cc.) are added, 
and the mixture is diluted to about 45 cc. After thorough mix- 
ing, 2 cc. of the reagent of Pouget and Choucbak® are added, 
the volume is made up to 50 cc., and the liquid mixed thoroughl}^ 
At the same time 5 cc. of a solution containing 0.0131 mg. 
of phosphorus (0.03 mg. PjOs) are measured into another flask 
and s'unilarly treated. After standing for at least twenty minutes, 
the colors of the liquids are compared in a Dubosq colorimeter. 
It is best to set the standard at 80 mm. Good results may be 
obtained at 40 mm., but there is then more difficulty in com- 
paring the colors. In calculating the results, proper correction 
is made for the volume of solution adhering to the protein-picrate 
precipitate. 

The results of a number of determinations in specimens of serum 
obtained from hospital patients and from normal individuals 

* Preparalion of reagent. (A) Dissolve 95 gm. of molybdic acid and 30 
gm. of drj' sodium carbonate in 500 to 600 cc. of warmHjO; after cooling, 
add 141 cc. of concentrated nitric acid and dilute to 1000 cc. (B) Dissolve 
2 gm. of strj'chnine sulphate in 80 cc. of warm water and dilute to 100 
cc. For use, add 1 cc. of B to 10 cc. of A, filter, and use immediately. 
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are summarized in Tables 11 and III. The first column of 
figures represents the amount of non-protein nitrogen in tb 
serum, as determined by the Folin-Denis^ procedure. Tte 
amounts of acid-soluble and of lipoid phosphorus appear in tte 

TABLE n. 


Normal and pathological sera. 




5 ^ 

H W d 

H 

gs§ 

J* H tt 

sSS 

X 

PHOSPaORCS PER 100 cc. 



Acid- 

soluble 

Lipoid 

Sum 

Total 

w. 

Normal 

mQ. 

mo. 

4.46 


BIE 


J. s. 

« 


1.67 

7.28 

9.25 

9.54 

C.E.A. 



3.77 

10.72 

14.49 

13,60 

B. 

U 


4.14 

9.12 

13.26 13,66 

I. G. 

“ 4 hra. alter breakfast 

21 .3 

3.99 

9.31 

13.30 13.90 

« 

« a a a 

21.2 

2.10 

1 11.60 13.60, 13.76 

a 

“ 2 hrs. after lunch 

26.1 

6.10 

10.90 

17.00 16.10 

« 

« it « it 

20.6 

6.06 

12.95 

19.01 19.65 

M.E. 

“ 6 hrs. after breakfast 

22.0 

4.50 

9.08 

13.58 13.8S 

tt 

“ 2J hrs. after lunch 

21.2 

6.80 

11.74 

18. 5i; 18,75 

H. E. 

“ 6 hrs. after breakfast 

23.7 

4.69 

10.11 

14.80 15.53 

it 

“ 2 hrs. after lunch 

21.1 

3.45 

8.58 

12.03| 11.03 

F. C. 

Chronic bronchitis, morphinism 

28.3 

3.97 

7.32 

11.29 12,55 

R. 

Pernicious anemia 


4.60 

7.54 

12.14 12.27 
12,211 11.40 

K. P. 

Ulcer of foot, tabes (?) 

17.8 

4.73 

7.48 

M. C. 

Hypertension (260 mm.), hemi- 
plegia 

27.7 

4.52 

11.01 

15.53 

15.4S 

M. B. 

Chronic endocarditis, pneumonia 

18.0 

6.75 

7.91 

14.66, 13.80 

H. B. 

Pneumonia 

29.8 

3.43 

10.61 

l4.0-l| 15.03 

F. 

Polycythemia 

26.2 

4.41 

11.77 

16.1^ 14.74 

H. W. 

Aortic aneurysm, chronic cardiac 
insufficiency 

19.3 

3.28 

12.00 

15.28, 15.94 

T. B. 

Influenza, chronic endocarditis 

22.9 

2.00 

8.23 

10.23, 10.20 

L. B. 

Chronic endocarditis, pneumonia 

20.4 

4.01 

4.81 

8.82 

8.99 


following two columns. The figures in the fourth column repre- 
sent the sum of those in the two preceding, while those in the 
fifth and last column show the amount of total phosphorus in 
the serum, as determined directly in another portion. These 


^ O. Foltn and \V. Denis: this Journal, .\i, p. 527, 1912. 
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results are in full agreement with those previously obtained with 
large amounts of serum by direct extraction of the lipoids followed 
by treatment with hydrochloric-picric acid solution. These 
results have already been reported.® 

It may be well to compare the figures with those reported by others. 
Peritz,’ Bornstein,'” and Beumer and Burger” all obtained much smaller 
values for the amount of lipoid phosphorus in the serum than have been ob- 
tained by the present writer. The disagreement appears to be due entirely 
to differences in the method of extracting the lipoids. All the authors 
mentioned dried the serum, with or without the addition of sand, and 
then extracted the dry residue with the usual soh'ents. It is probable 
that, imder these conditions, extraction is not complete. The dry pro- 
tein surrounds the lipoids with a layer of insoluble material that is only 
very slowly penetrated by the solvent. Moreover, chemical changes 
occurring during the drying of the serum may render some of the lipoid 
phosphorus insoluble in the solvents employed. Klein and Dipkin” 
treated the serum with anhydrous sodiiun sulphate and extracted the 
mixture with alcohol and ether. This extract was evaporated and the 
residue treated with ether. Phosphorus was determined in the ethereal 
solution and also, occasionally, in the residue. Their results seem to 
indicate that extraction was not complete and that, in the subsequent 
evaporation, some of the phospholipins were decomposed. Lesser" treated 
the serum with absolute alcohol, at first in the cold, then repeatedly at 
60°. The extracts were evaporated in a current of air, dissolved in a 
mixture of alcohol and ether and again evaporated, finally dissolved in 
absolute ether, and filtered. Phosphorus was determined in the filtrate. 
The results obtained were a little lower than those reported in this paper. 
In only two cases have we obtained less than 7 mg. of lipoid phosphorus 
per 100 cc. of serum, whereas, out of seventy-seven specimens examined. 
Lesser found twenty with less than this amount. Correspondingly, Les- 
ser's average is a little less than 9 mg., whereas the average of the results 
reported in Table II is almost 10 mg. per 100 cc. 

Taylor and Miller," using their method of estimating phosphorus find 
from 4 to 6 mg. of lipoid phosphorus per 100 cc," The presence of inor- 

’ Greenwald: Am. Jour. Med. Sc., cxlvii, p. 225, 1914. 

* G. Peritz: Ztschr. f. exper. Path. u. Therap,, v, p, 607, 1908-09. 

"A. Bomstein: Monatschr. f. Psychial. a. Neurol., xxv, p. 160, 1909, 
Ztschr. f. d. ges. Neurol, u. Psychial., vi, p. 605, 1911. 

“ H. Beumer and M. Bhrger: Ztschr. f. exper. Path. u. Therap., xiii, p. 
343, 1913. 

"W. Klein andL. Dinkin: Ztschr. J. physiol. Chem., xcii, p. 302, 1914. 

"F. Lesser: Arch. /. Dermal. «. Syph., cxiii, p. 609, 1912. 

" A. E. Taylor and C. W. Miller: this Journal, xviii, p. 214, 1914. 

" A personal communication from Dr. Taylor indicates that the low 
values obtained were due to incomplete extraction. 
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ganic phosphate is denied. It is possible that there is no inorganic ptof. 
phate in serum, but n-hat is termed acid-soluble phosphorus in this paper 
can only be present as inorganic phosphate or closely related compounds, 
such as glycero-phosphoric or inosinic acids. It seems certain that it is 
not the latter, for experiments carried out in this laboratory have shown 
that the serum of dogs or horses does not contain purine nitrogen corre- 
sponding in amount to the acid-soluble phosphorus, on the assumption 
that this is present as inosinic acid. 

In three out of four experiments there was a marked increase 
in the amount of acid-soluble phosphorus in the serum shortly 
after luncheon, containing meat In the fourth experiment the 
subject, H, E., also ate a fruit salad and drank water freely 
tween luncheon and the time of drawing the blood. It is possi- 
ble that the salad, owing to the excess of alkaline ash constituents, 
may^havc served to prevent the increase in the amount of acid- 
soluble phosphorus in the serum. The possible diluting effect of 
the water ingested is also to be considered. It would ssem from 
the large variations found that the content of this form of phos- 
phorus in the serum may be largely dependent upon the char- 
acter of the diet and the stage of digestion. An attempt was 
made to eliminate this factor in the other experiments by taking 
all specimens at least four hours after the last meal, but, as the 
patients were not under sti’ict control, we cannot be certain that 
this was always attained. 

The amount of lipoid phosphorus, though varying widely in 
different individuals, is comparatively constant for the same 
individual. It does not appear to be increased during the absorp- 
tion of fat; at least, milky sera were not distinguished by tiicir 
high content of lipoid phosphorus. 

The cases reported in Table III are arranged roughly in the 
order of the content of non-protein nitrogen in the sefum. As 
a rule, those patients whose serum shows little or no increase in 
the non-protein nitrogen also have comparatively slight retention 
of acid-soluble phosphorus. A marked retention of nitrogen is 
usually accompanied by an increase in the acid-soluble phosphorus. 
But these do not parallel each other. For instance, the serum 
of L. P. contained only'’ 31 mg. of nitrogen per cc., hut as much 
as 20.2 mg. of phosphorus. This patient died in coma two 
days later. The serum of A. C. contained 111 mg. of nitro- 
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gen, i)ut only 6.76 mg. of phosphorus per 100 cc. Again, in 
the case of iM. L. and J. JI. there are great changes in the non- 
protein nitrogen of the serum of the same individual, with com- 
paratively little change in the amount and nature of the 

T.4BLE III. 

Nephritic sera. 


KVME 

KO.V-PPOTEr,S* 1 
MTROGE.V 
PER iOO CC. 1 

Acid-soUible 1 


m. 1 

•nv). 

H. W. 

19.3 1 

3-25 

M. R. 

30.7 1 

3.60 I 

tt 

20.0 1 

5.79 ' 

« 

20.3 ; 

5.32 

tt 

23.9 J 

5.90 

J. W. 

29.2 

3.99 

G. W. 

29.2 

4.46 

J. MoK. 

25.0 , 

5.79 

T. G. 

26.1 ' 

6.03 

E. L. 

24.9 ' 

6.16 

F. V. 

! 35.6 1 

4.82 

L. P. 

31.4 ’ 

20.2 

M. E. 1 

43.2 ’ 

5.39 

J. H. ! 

42.8 ' 

12.30 

E. H. 

59.5 

6.56 

H. \V. i 

111. 

12.52 

ti 

67.4 

6.17 

A. C. 

111. 

6.76 , 

M. D. 

103. 

15.1 

tt 

103. ! 

21.1 

M. L. 

150. 

I 12.72 1 

(t 

255. 1 

12.71 ' 

J. M. 

133. i 

15.72 

tt 

194. j 

! 16.29 

N. K. 

200. ! 

1 12.52 j 


PHospjfoncs 

PER 300 CC. 


Lipoid 

1 

Sum j 

Total 


mff. 


9.71 

12.96 

14.77 

12.60 

16.20 

15.60 

13.38 , 

19.17 

i 18.38 

12 95 , 

18.27 

20.12 

15.09 

20.99 

19.70 

13.24 

17.23 i 

16.75 

8.58 

13 04 

12.26 

8.75 

14 54 

15 73 

10 92 

16.95 

' 18.25 

10.44 

16.60 

1 15.55 

8 68 

13.50 

; 14.17 

12.90 

33.1 

33.2 

11.81 

17.20 

17.11 

36.20 

48.5 1 

1 49.4 

6.69 

13.25 

12.87 

11.11 

23.63 

23.72 

11.41 

17. 5S 

17.70 

10.20 

16.96 

1 

16.4 

31.5 

33 2 

16 7 

37.8 

35.6 

8.25 

20.97 

20.80 

8.21 

20.92 

20.63 

7.78 

23.50 

23.21 

9.90 

26.19 

29.40 

7.80 

20.32 

20.74 


phosphorus. Conversely, in the case of M. D. the amount of non- 
protein nitrogen in the two specimens was the same, while the 
amount of acid-soluble phosphorus differed greatly. 

It would also appear that, in nephritis, the amount of lipoid 
phosphorus may be increased. TiTiereas in the other sera the 
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highest amount of lipoid phosphorus was 13 mg. per 100 cc., 
this was frequently surpassed in the nephritic sera, in one of 
which the astonishing amount of 36.2 mg. was found. 

It is with great pleasure that I acknowledge my indebtedness 
to the house staff of Roosevelt Hospital, and particularly to the 
pathologist, Dr. Mortimer Warren, for their aid in obtaining 
material. 


SUMMARY. 

A method for the estimation of lipoid and of acid-soluble phos- 
phorus in small amounts of serum is described. It is probably 
applicable to other tissues. The amount of phosphorus not 
precipitated by a dilute solution of acetic and picric acids varies, 
in normal individuals, between 2 and 6 mg. per 100 cc. of serum. 
The amount appears to be dependent on the character of the 
diet and the stage of digestion. The amount of lipoid phosphorus 
lies between 5 and 13 mg. (usually between 7 and 13 mg.) 
per 100 cc. of serum. It is apparently less subject to variation 
in the same individual than is the amount of acid-soluble phos- 
phorus. In nephritis, there is evidence of retention of inorganic 
phosphate, and also, in some cases, a certain increase in tho 
amount of lipoid phosphorus in the serum. 



ON THE SEVERAL FACTORS OF ACH) EXCRETION IN 
NEPHRITIS. 

By LA^VRENCE J. HENDERSON and WALTER W. PALMER.' 

(From ihc Medical Wards and Chemical Lahoratory of the Massachusetts 
General Hospital, Boston.) 

(Received for publication, Februarj’ 27, 1915.) 

In the course of our e.\perimenta] studies- of the regulatory- 
excretion of acid, two pathological conclusions have been reached: 
first, that the uiinarj’- concentration of ionized hydrogen is, in 
a statistical sense, increased in the various forms of nephritis; 
and, secondly, that such pathological states are frequently marked 
by a condition of acidosis. The latter deduction appears, at 
any rate, inevitable from the fact that when alkali is adminis- 
tered it is in these cases retained b}' a kidnej^ capable of the 
rapid elimination of an excess of alkali. This view also agrees 
■with numerous other observations upon nephritis. MeanwMle 
we have investigated in the normal individual the shares of the 
several factors of acid excretion in the regulatory process. Con- 
sidering the great variability of physiological activities in general, 
and the many complicating influences which, in particular, have 
been revealed in the analogous regulation of body temperature, 
it is probably too much to regard these latter results as provid- 
ing more than a very rough outline of the process. They have, 

' Henry P. Walcott Fellow in Clinical Medicine, Harvard Ivledical 
School. 

’ L. J. Hendereon and W. W. Palmer: On the Intensity of Urinary 
Acidity in Normal and Pathological Conditiona, this Journal, xiii, p. 393, 
1912-13; On the Extremes of Variation of the Concentration of Ionized 
Hydrogen in Human Urine, ibid., xiv, p. 81, 1913. Palmer and Hender- 
son: Clinical Studies on Acid Base Equilibrium and the Nature of Acidosis, 
Arch. Int. Med., xii, p. 153, 1913. L. H. Newburgh, W. W. Palmer, and L. J. 
Henderson: A Study of Hydrogen Ion Concentration of the Urine in Heart 
Disease, ibid., xii, p. 146, 1913. Henderaon and Palmer: On the Several 
Factors of Acid Excretion, this Journal, xvii, p. 305, 1914. 
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nevertheless, seemed to us not inadequate as a basis for patho- 
logical comparisons, and, taking them as such, we have now to 
report our observations upon these factors in nephritis. 

The procedure in this research is similar to that which wc have 
previously adopted. We have not sought to carry out very 
carefully controlled observations, involving S3’-stematic studies 
of total metabolism and the like, but, abandoning the unques- 
tionable advantages of such a method, have sought through the 
use of quick methods in large numbers of cases the advantages 
of statistical treatment.® Nevertheless we have made independ- 
ent simultaneous investigations on the effect of diet. These 

’ It seems to us that Blatherwick’s recent dissent from certain of our 
views as a result of his own e.vcellent studies of the influence of diet upon 
the excretion of acid (Arch. Ini. Med., xiv, p. 409, 1914), is due to a miscon- 
ception of what we are thus undertaking. For e.xample, in the matter of 
a rough parallelism between volume of urine and the intensity of its acidity 
we have sought merely to point out a statistical result, a result which, 
only if it can be e.xplained by the recognition of some physiological connec- 
tion, will become significant, but which it is futile to object to on the 
ground that more restricted cases (f.c., cases in which the diet is controlled) 
do not reveal it. And, of course, it neglects the whole idea of statistics 
and the basis of statistical theory to point out that individual obscrv.a- 
tions are not in accord with the average. It is equally futile to assume 
a direct causal connection because of such observations; but this we have 
not done. Are not men taller then women statistically, although some 
women are taller than some men individually? It is our purpose to con- 
sider the use of statistical methods in the study of renal fqn.ction in .a 
future paper. 

Another point in which Blatherwick disagrees wdth us concerns the 
r61e of ammonia in regulating the reaction of the blood. Here the clilTi- 
culty appears to be that we did not make our meaning clear. As far ns 
we are aware nobody has, for years past, doubted that the excretion of 
ammonia is one essential factor in regulating the reaction of the body. 
What we believe, however, is that the true regulation is to be found in the 
control of the production of ammonia and that in certain cases this is not 
correlated with the other regulatory process in the kidney'. This con- 
clusion depends upon the fact that in a considerable number of normal 
cases no correlation between the hydrogen ion concentration and the 
ammonia content of the urine was to be observed. We can only account 
for this fact upon the assumption that the final adjustment of the alka- 
linity of the body, viz., the regulation through the activity' of the kidney 
of the hydrogen ion concentration in the blood (we did not say in the 
body generally) depends almost wholly upon the acid excretion. The 
only objection that we can imagine to this statement is that, without 
-iny investigation at all, it is self-evident. 
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prove that variations of diet cannot significantly influence the 
results upon -which our present conclusions are based. The 
gain which we have obtained by follo\ving this plan appears to 
us to justif 3 '- the carefully considered original decision, but for 
the present we postpone a discussion of this question. 

Our complete observations now extend to forty-four cases of 
nephritis and involve analj^ses of the dailj’- excretion for 311 daj^s. 
These data are to be compared with our earlier observations upon 
sixteen normal indi-viduals over a period amounting in all to 
122 days. In the course of these studies we have in all cases 
estimated the hydrogen ion concentration, acid excretion, am- 
monia excretion, and volume, as well as, at times, certain other 
quantities which do not now concern us. From these values 
have been calculated the amount of total acid excretion, A, and 
of R, the ratio of acid excretion to ammonia excretion. These 
topics are all discussed in an earlier paper. 

In the present paper the following symbols are used; H, repre- 
senting the hydrogen ion concentration as expressed bj’’ the 
negative logarithm thereof (Pj of Sorensen) ; A, representing the 
acid excretion, or, in other words, the amount of acid in the 
urine in excess of that combined -with the urinary bases as they 
existed in the blood, this quantity being expressed in cubic centi- 
meters of decinonnal solution -per diem; NHa, the total urinary 
ammonia, expressed in like manner; TA, the sum of A + NH 3 ; V, 
the volume of urine eliminated in twenty-four hours; R, the 

ratio, 

In the following table the data are collected, the cases being 
arranged in the order of the average values of R’s (the reason 
for this arrangement is explained below). All estimates have 
been made in duplicate with close agreement in the results. 

The reason for arranging the cases in the above order will be 
at once eiddent from an examination of the table; for thus ar- 
ranged the cases fall into two quite distinct groups (except cases 
XV and XVI, in which observations are too few). The one 
group manifests values of R calculated for the total quantities 
of A and NH 3 in the period studied equal to or greater than 1.6, 
and the other values less than 1.3. The .unavoidable impression 
that this is no mere chance is greatly strengthened by the invari- 
able highness of the daily values of R in all the cases of Group 
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TABtE I. 


CASE 

V 

! « 

A 

^'H| 

TA 

s 

I 

1075 

5.3 

200 

69 

269 

2,90 

= 3.95 

1075 

5.3 

228 

57 

285 

4.00 

Chronic nephritis, uremia 


5.3 

200 

43 

243 

4.65 


11 

6.3 

240 

61 

291 


Mean 

1094 

5.3 

217 

55 

272 

4.00 

II 

1050 

5.3 

142 

50 

192 

2.84 

R = 3.33 

1850 

5.5 

278 

81 

359 

3,44 

Chronic nephritis, uremia 

1300 

6.7 

172 

48 

220 

3.5S 


1375 

5.7 

181 

58 

239 

3.12 


1250 

5.7 

210 

57 

267 

3.69 

Mean 

1365 



59 

255 

3.33 

Ill 

BIS 



181 

611 

2.3S 

R = 2.97 


5.3 


110 

490 

3.45 


BE a 



76 

466 

5.13 

Chronic glomerulonephritis, uremia 




98 

300 

2.06 





135 

595 

3.40 



5.4 

270 

100 

370 

2.70 



5.5 

316 

125 

440 

2,52 

Mean 

2280 

5.5 

350 

118 



IV 

1710 

5.0 

240 


340 

2.40 

R = 2.74 

Chronic glomerulonephritis, uremia 

2250 

5.0 

308 

m 

408 

■ 

Mean 

1980 

5.0 

274 

100 

374 

2.74 

V 

1465 

5.0 

284 

li 

412 

2.22 

R = 2.07 

Renal arteriosclerosis, uremia 

1230 

5.0 

246 

■ 

374 

1.92 

Mean 

1346 
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VI 

1540 


415 

270 

685 

1.54 

R = 1.94 

1840 

5.0 


220 

610 

1.77 

Acute nephritis, mild uremia 

1320 

5.3 

317 

164 

481 

1.93 

1380 

5.3 

373 

163 

536 

2.28 


1660 

4.9 

480 

202 

682 

2.37 

Mean 

1548 

5.1 

395 

20-i 

599 

1.98 


• The R under tho case number is obtained by dividing tfao mean valuM of A by the mesn 
values of NHi, while tho moan R in the column R is the average of tho various K 8. 
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table J— Continued. 


CASE 

B 

H 

A 


TA 

R 

VII 

1400 

7.0 

84 

75 

159 

1.12 

E = 1.93 

600 

5.5 

114 

75 

189 

1.52 

Chronic glomerulonephritis, uremia 

900 

5.4 

173 

61 

234 

2.84 


1625 

6.0 

204 

87 

291 

2.34 

Mean 

1131 

5.9 

144 

75 

219 

1.95 

WII 

1020 

4.9 

293 

157 

450 

1.87 

K = 1.89 

800 

4.9 

244 

155 

399 

1.57 


960 

4.9 

236 

132 

368 

1.79 


860 

4.9 

267 

137 

404 

1.95 

Chronic glomerulonephritis, mild 

940 

4.8 

298 

146 

444 

2.04 

uremia 

1620 

4.9 

324 

189 

513 

1.71 


1565 

4.9 

455 

183 

638 

2.48 


1475 

5.0 

394 

190 

584 

2.07 


1460 

5.0 

344 

220 

564 

1.56 

Mean 

1189 


316 

168 

484 

1.89 

IX 

1970 

5.3 

324 

243 

567 

1.33 

K = 1.86 

1500 

5.1 

300 

153 

453 

1.96 


3710 

5.1 

334 

195 

529 

1.71 

Acute nephritis, mild uremia 

2360 

5.1 

275 

70 

345 

3.93 


3315 

5.1 

300 

165 

465 

1.82 

Mean 

2571 

5.1 

307 

165 

472 

1.86 

X 

660 

5.4 

115 

100 


1.15 

R = 1.80 

1160 

4.8 

266 

155 

421 

1.72 

Chronic glomerulonephritis, uremia 

740 

5.1 

155 

85 

240 

1.82 


1100 

5.5 

234 


370 

1.72 


900 

4.8 

193 

58 

251 

3.32 

Mean 

912 

5.1 

193 

107 


1.95 

XI a 

1900 

5.3 

— 

380 

370 

750 

1.03 

Ra = 1.65 

2370 

' 5.1 

455 

270 

725 

1.69 


3500 

5.1 

670 

350 

1020 

1.91 

Syphilitic nephritis 

3300 

5.1 

660 

358 

1018 

1.85 


2650 

5.0 

570 

268 


2.12 


4000 

5.1 

500 

330 


1.52 


3750 

5.1 

620 

400 


1.55 




































TABLE I — Coniinued, 


CASE 

B 

H 

B 

Nll3 

T\ 

?. 


XI b 


5.7 

254 

165 

419 

1.54 


Rb = 1.79 

' 1740 

5.5 

335 

162 

497 

2.03 



n'Si 

5.3 

400 

206 


1.94 


R =1.72 

'll 

5.1 

425 

244 


1.74 



Hi! 

5.5 

510 

317 

827 

1.61 



ml 

5.0 

475 

262 

737 

l.Sl 



i 1 1 [ 

5.1 

400 

245 

645 




s[|[ 

5.4 

455 

255 

710 

1.7S 



ill' 

5.3 

425 

222 

647 

1.91 



2750 

5.3 

500 

276 

776 

l.Sl 



2450 

5.3 

465 

245 

710 

1.90 

Mean. 

2640 

5.2 

472 

275 

747 

1.74 



xir a 

1260 

5.0 

430 



1 30 


Ra = 1.49 


5.0 

370 

266 

636 

1.3? 



iRml 

5.3 

430 


6S0 

1.72 



950 

5.3 

360 

210 

570 

1.72 

Chronic glomerulonephritis, mild 

■Pin 

5.3 

425 

258 

6S3 

l.te 


uremia 

Bin 

5.1 

294 

231 

525 

1.27 



B: n 

5.0 

388 

284 

672 

1.37 



RSu 

5.0 

282 

148 


1 90 



810 

4.8 

284 

mm 

474 

1 SO 




5.0 

238 

ia 

438 

1.19 


xir b 

770 

5.6 

320 

227 

547 

1.41 


Rb = 1.86 

560 

5.5 

279 

171 

450 

1.63 



540 

5.3 

237 

137 

374 

1.73 


R = 1.63 

800 

5.4 

277 


446 

1.04 



600 

5.3 

259 

|gi 

363 

2.50 



620 

5.2 

264 

154 

418 

1.72 



630 

5.5 

225 

137 

302 

1.64 



1000 

5.3 

349 

137 





1000 

4.8 

335 


467 

2.51 

Mean 

868 

5.2 

318 

195 

513 

1.71 




— — - 


XIII 

2140 

5.1 

445 

268 

713 

l.CG 


R = 1.62 

1060 

5.3 

185 

171 


ngi 



1040 

5.1 

248 

152 


1.C3 

Chronic 

glomerulonephritis, mild 

1600 

5.0 

330 

235 

565 

1.40 


uremia 

1500 

5.0 

262 

176 

438 

1.49 



1875 

5.1 

312 

207 

519 

1.51 



1300 

5.1 

300 

195 

495 

1.54 



1160 

5.1 

470 

234 


2.00 



1600 

5.1 

337 

160 

497 

2.10 



1500 

5.0 

290 

166 

456 

1.75 

ATpAn 

1478 

5.1 

318 

196 

514 

1.G2 
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TABIE I — Coniinv^d. 


— ■■■■ ~7 

CASE j 

V 

H 

n 

1 .vm 

TA 

R 

XIV i 

930 

5.5 

' 317 

166 

483 

1.91 

00 

11 

1050 

5.3 

210 

192 

402 

1.09 

Chronic glomerulonephritis, uremia 

740 

5.5 

154 i 

77 

231 

2.00 

1 

1000 

[ 5.3 

1 185 

j 114 

299 

1.62 

Mean 

930 

5.4 ! 

217 i 

1 137 

354 

1.65 

XV 

1080 

6.0 i 

1 230 i 151 1 

! 381 

1.52 

R = 1.46 

960 

5.8 1 

! 270 

i 191 

461 

1.41 

Chronic glomerulonephritis 

975 

5.8] 

; 347 

j 237 

584 

1.46 

Mean 

1005 

5.9 





XVI 

4120 j 

5.0 

j 515 

! 375 

890 

1.37 

R = 1.44 

Chronic interstitial nephritis 

3300 

1 

1 

5-0 1 

j 

' 1 

410 

270 

580 

1.52 

Mean j 

1 3710 

1 5.0 

J 

! 463 

i 322 ! 

j 785 

[ 1.44 

XVII j 

1780 

i 5.0 

’ 400 

' 318 

1 718 

: 1.26 

R = 1.24 1 

, 1430 

: 5.0 

; 422 

284 

706 

! 1.48 


1 1610 

! 4.9 

I 4S0 

400 i 

880 

' 1.20 

Chronic glomerulonephritis j 

1 1500 

1 4.9 

1 442 

350 

792 

1.26 


1350 

1 4.9 

1 405 

387 

792 

1 1.05 

Mean ! 

' 1534 

i 4-9 

1 430 

' 348 j 

778 i 

1.25 

XVIII 

! 1200 

' 5.3 1 205 

240 

445 

0.86 

R = 1.16 

725 

' 5.4 

' 124 

87 

211 

1.42 


1 1200 

' 4.8 

j 515 

128 

643 

4.01 


, 950 ; 6.1 

! 300 

i 145 

445 

2.06 


1260 

1 4.8 

I 372 

* 450 

822 

0.83 


; 800 

, 4.8 

; 204 

' 135 

339 

1.51 

Chronic interstitial nephritis 

' 800 

‘ 5.3 

200 

210 

410 

0.95 


1 975 

' 4.8 

230 

200 

430 

1.13 


1 1200 

4.8 

330 

365 

695 

0.90 


860 

5.1 

204 

1 286 

490 

0.71 


960 

5.0 

270 

' 300 

570 

0.90 

Mean 

994 

' 5.0 

' 269 

1 231 

1 

500 

j 1.39 

XIX 

630 

, 5.1 

1 193 

, 230 

423 

1 0.84 

R = 1.09 

Chronic glomerulonephritis 

650 

i 

5.0 

i 254 

t 

' 180 

434 

j 1.41 

Mean 

640 

5.1 

224 

205 

: 429 

1 13 
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TABLE I — Continued. 


CASE 

■ 

H 

a 

NHl 

TA 

R 

XX 


5.4 

168 


36S 

m 

R = 1.08 

HI 

5.1 

270 

294 

564 


Chronic nephritis 

820 

5.3 

158 


318 



900 

5.3 



528 

1.61 

Mean 

935 

5.3 

231 

213 

444 


XXI 

M 

6.7 

267 



1.04 

R = 1.06 


6.5 

338 

280 

618 

1.21 


! 1550 

5.7 

260 

280 

540 


Cardiorenal disease 


5.3 

220 

334 

554 



950 

5.1 

380 

340 

720 

1.12 



5.7 

296 


506 


Mean 

1397 

5.8 

293 

278 

571 


XXII 

360 

5.0 

113 

154 

267 

0.73 

R = 1.06 

740 

5.0 

148 

174 

322 

0.85 


800 

5.7 

86 

148 

234 

0.5S 


3000 

5.1 

320 

257 

577 

1.25 


2700 

5.3 

164 

250 

414 



1700 

5.0 

224 

145 

369 

1.51 

Cardiorenal disease 

1500 

5.0 

218 

185 

403 

I.IS 


1800 

5.0 

300 

330 

630 



1200 

4.7 

185 

288 

473 



1260 

4.7 

445 

166 

611 



1300 

4.7 

173 

152 

325 

1.14 

Mean 

1487 


216 

204 

420 

1.11 

XXIII 

750 


490 

425 

915 

1.15 

R = 1.05 

630 

5.1 

325 

246 

571 

1.32 

Subacute glomerulonephritis 

1725 

5.1 

600 


1280 


Mean 

1035 

5.1 

472 

/ 




XXIV 


5.7 


192 

300 

0.56 

R = 0.98 


5.8 

56 

60 

116 



5.3 

316 

370 

686 


Subacute glomerulonephritis 


5.3 

235 

336 

571 



5.1 

246 

183 

429 




5.1 


320 

760 

1.37 



5.0 

156 

122 

278 

1.2S 

Mean 

440 1 


222 

226 

448 

1.01 

- - 

— L 


_ 

- - — 

— 
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TABLE I— C^m/inuei. 


cast: 

a 


B 

KHj 

TA 

R 

XXV 

400 

5.3 

286 

272 

558 

1.05 

n = 0.98 

Chronic glomerulonephritis 

410 

5.4 

242 

268 

510 

0.90 

Mean 

405 

5.4 

264 

270 

534 ; 

0.98 

XXVI 

780 

5.0 

340 


j 710 i 

0.92 

R = 0.97 

950 

5.6 

323 j 

395 

1 718 j 

0.82 

Nephritis (arteriosclerotic?) 

940 

5.4 

357 1 

290 

i 647 j 

1.23 

Mean 

i 

j - 890 1 

1 5.3 1 

340 i 

352 

1 692 : 


XXVII 

1260 

I 5.5 

183 

346 

529 

0.53 

R = 0.97 

1880 

4.8 

395 

293 

68S 

1.35 


1790 

4.7 

532 

330 

862 

1.61 


1280 

4.7, 

433 

495 

928 

0.87 

Chronic glomerulonephritis j 

1880 i 

4.7 J 

! 402 

462 

864 

1 0.87 


1270 

5.1 

j 291 

300 

, 591 

; 0.97 


2140 

! 4.7 

' 460, 

, 542 

1 

, 1002 

1 0.83 

Mean 

1643 

1 49 

385 

1 395 

780 

1.01 

XXVIII 

1260 

5.3 

366 

' 341 

j 707 

1.06 

R = 0.97 


5.3 

' 525 


1 1055 

0.99 


560 

5.0 


343 j 

693 


Chronic glomerulonephritis 

460 

5 . 4 ; 

288 

255 1 

543 

1.13 


I3S0 

5 0 1 

325 

450 

775 

0.72 

Mean 

992 

5 2 

371 

384 

755 

0.98 

XXIX 

332 

, 5.8 , 

150 

226 

376 

0.66 

R = 0.95 

320 

1 5.3 

184 1 171 

355 

1.07 


354 j 

1 5.4 i 

181 

[ 226 ! 

! 407 

0.80 

Subacute nephritis 

330 

1 j 

1 206 

184 

1 390 

t 1.12 


340 

1 5.3 j 

1 221 

183 j 

j 404 

1.21 

Mean . . 

335 

' 5.4 1 

188 

] 198 1 

i 386 

0.97 

XXX 

1075 

i 6.3 

270 

344 

614 

0.79 

R = 0.93 

Subacute nephritis 

660 

5.7 ' 

[ 

' 250 

' 216 

1 

466 

1.16 

Mean . j 

868 

! 6.0 ' 

1 

260 

280 

540 

0.97 
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TABLE I — Conthiued. 


CASE 

V 

II 

A 

NHJ 

TA i 5 

XXXI 

1020 

5.1 

265 

336 

601 

0.19 

R = 0.92 

800 

5.1 

193 

248 

441 

0.7S 


600 

5.1 

145 

190 

335 

0.(6 


1200 

4.7 

330 

272 

602 

1.21 


1025 

5.0 

266 

276 

542 

0.9o 


1240 

4.8 

485 

385 

870 

l.Ot) 


1155 

5.3 

260 

328 

5SS 

0,70 


1005 

5.3 

227 

235 

462 

0.97 


920 

5.3 

180 

230 

410 

0.7S 


740 

5.3 

193 

184 

377 

1.03 


850 

5.4 

195 

173 

368 

1.13 


645 

5.1 

193 

163 

356 

1.18 


700 

5.1 

214 

151 

365 

1.42 

Cardiorenal disease, chronic glo- 

600 

5.3 

no 

158 

268 

0.70 

merulonephritis 

1100 

5.1 

174 

280 

454 

0.62 


600 

5.0 

160 

159 

319 

1.00 


650 

5.3 

174 

220 

394 

0.79 


500 

5.3 

133 

143 

276 

0.93 


775 

5.4 

204 

247 

451 

0,S3 


800 

5.3 

176 

220 

396 

O.SO 


540 

5.3 

130 

177 

307 

0.73 


700 

5.4 

197 

228 

425 

O.SG 


480 

5.6 

138 

143 

281 

0.96 


800 

5.3 

232 

214 

440 

l.OS 


730. 

5.0 

170 

152 

322 

1,12 


1400 

5.2 

217 

256 

473 

0.S3 


1300 

5.2 

215 

286 

501 

0.75 


800 

5.0 

218 

225 

443 

0.97 

Mean 

953 

5.2 

207 

224 

431 

0.03 

XXXII 

1225 

7.2 

90 

m 


Hi 

R = 0.83 

850 

6.0 

145 

mm 


lii 

1 

1180 

5.4 

195 

205 


m 

Chronic nephritis ] 

1000 

5.8 

155 

218 

373 

0.72 

1 

1200 

5.4 

264 

285 

549 

0.93 



Mean 

1091 

5.9 

166 

201 

367 
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TABLE J^^oniinueJ 


C.1SE 


8 

m 


■11 

xxxiir 

1500 

4.8 

370 

470 

840 

R = 0.82 

1500 

5.0 

304 

500 

804 


1380 

4.8 

KSjm 

490 

890 


1473 

5.0 

304 

400 

704 


900 

4.8 


450 

900 

Cardiorenal disease 

930 

4.8 

545 

630 

1175 


990 

4.8 

m 

450 

830 


1380 

5.0 

382 

490 

872 


1650 

4.8 

536 

590 

1126 



m 


262 
180 
232 
500 
340 
240 
415 
322 \ 
396 i 
356 
336 1 


497 

905 

320 

582 

200 

380 

258 

490 

570 

1070 

^1 

920 

360 

600 

345 

760 

380 

702 

590 

986 

440 

796 

425 

761 



0.79 

0.61 

0.82 

0.76 

1.00 

0.87 

0.84 

0.78 

0.91 


0.82 


0.82 
0.90 
0.90 
0.88 
0.59 
0.67 
1.20 
0 85 
0 67 
0.81 
0.79 


0.83 

0.50 

0.44 

0.81 

1.01 

0.94 

0.81 

0.69 


0.74 

0.44 

1.02 

1.02 

0.83 
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T A BLB I— Coni I n u ed . 


CASE 

V 

H 

- 

XUJ 

TA 


XXXVII 

1470 

5.6 

141 

216 

357 

0.65 

R = 0.75 

1140 

5.0 

280 

340 

620 

0.83 

Cardiorenal disease 

1540 

4.8 

216 

324 

540 

0.67 


1440 

4.7 

ISO 

210 

390 

0.86 


1200 

4.8 

147 

190 

337 

0.77 

Mean ^ 

135S 

5.0 

193 

256 

449 

0.76 

XXXVIII 

1600 

6.0 

160 

178 

338 

0.90 

R = 0.73 

1940 

6.1 

ISS 

225 

413 

0.84 

Arteriosclerosis (of kidneys) 

1450 

6.1 

163 

250 

413 

0.65 


1700 

5.7 

195 

272 

467 

0.72 


2500 

5.8 

230 

356 

586 

0.65 

Mean 

1838 

5.9 

187 

256 

443 

0.75 

XXXIX 

825 

6.0 

■9 

370 

531 

0.44 

R = 0.70 

2520 

5.6 

mm 

360 

536 

0.49 


4000 

7.2 

240 

350 

590 

0.69 


2300 

7.4 

0 

220 

220 

— 


1800 

7.4 

0 

160 

160 

— 

Arteriosclerosis 

1740 

7.4 

0 

143 

143 

— 


1300 

7.0 

138 

195 

333 

0.71 


990 

5.5 

394 

210 

604 

l.SS 


1150 

5.3 

390 

230 

620 

1.70 


700 

5.3 

264 

2SG 

550 

0.92 

Mean 

1733 

6.4 

176 

252 

428 

0.68 

XL 

440 

5.7 

193 

238 

431 

0.81 

R = 0.6S 

495 

5.8 

200 

228 

428 

O.SS 


640 

6.0 

81 

220 

301 

0.37 


668 

6.7 

80 

204 

284 

0.39 


537 

6.0 

183 

264 

447 

0.69 


635 

6.7 

127 

316 

443 

0.40 


744 

5.6 

182 

325 

507 

0.56 


619 

5.5 

182 

400 

582 

0.46 

Acute nephritis 

338 

5.8 

IS4 

3^ 

570 

0.48 


696 

5.7 

113 

437 

550 

0.26 


297 

5.6 

126 

347 

473 

0.36 


1075 

5.7 

94 

278 

372 

0.31 


33S 

5.5 

144 

202 

436 

0.49 

• 

240 

- ^ 

D . i 

140 

228 

368 

0.61 


250 

5.5 

172 

253 

425 

0.68 


240 

5.5- 

195 

270 

465 

0.72 


360 

5.7 

185 

250 

435 

0.74 







TABLE l~ConcIuJei. 


C.^SE 

Y 

11 


NHJ 

TA 

n 

XL — Continued 


5.7 

179 

230 

409 

0.78 

R = 0.6S 

! 325 

5.5 


244 

446 

0.83 



5.S 


302 

582 

0.93 


6S5 

6.9 


293 

495 

0.69 

Acute Dcphritis 

675 

5.5 

385 

385 


1.00 


645 

5.6 

279 

307 

586 

0.91 


IwTil 

5.2 


465 

1065 

1.29 


910 

5.3 

495 


mam 

0.98 



5.2 

383 

555 

938 

0.69 

Mean 

4S2 

5.7 

215 

316 

531 

0.03 

XLI 

1000 

6.S 

160 

2SS 

448 

0.56 

li = 0.67 

750 

7.0 

106 

263 

369 

0.40 


520 

5.4 

165 

125 

290 

1.32 

Chronic nephritis, uremia 

915 

5.4 

300 

335 

635 

0.90 


9S0 

5.S 

135 , 

264 

399 

0.51 


610 

5.7 

183 

294 

477 

0.02 

Mean 

796 

6.0 

175 1 

261 j 

436 

0.72 

XLII 

1225 

5.0 

441 

6S0 

1121 

0.65 

R = 0.61 

925 

4.8 

337 

508 

845 

0.66 

Chronic glomerulonephritis 

1120 

5.0 

297 

570 i 

867 

0,52 

Mean 

1090 

4.9 

35S . 

5S6 ! 

944 

0.61 

XLiri 

1600 

5.3 

304 ' 

540 i 

844 

0.56 

R = 0.61 

700 

5.7 

240 ! 

385 

625 

0.62 


SOO 

5.5 

212 

366 ' 

578 

0.58 


1700 

5.4 

340 

630 

970 

0.54 

Chronic nephritis 

825 

5 3 

125 ' 

220 . 

345 

0.57 


1575 

5,7 

250 ' 

420 

670 

0.60 


1140 

5.3 i 

294 

356 

650 

0.83 


1000 

5.4 1 

240 , 

356 

596 

0.67 



760 

6.0 , 

104 ' 

174 

278 

0.60 

Mean 

1122 

5.5 

234 j 

383 

617 

0.62 

XLIV 

1030 

5.1 

510 ! 

620 1 

1130 

0,82 

R = 0.5S 

560 

5.1 

230 ! 

310 ' 

540 

0.74 


660 

5.3 . 

306 , 

645 , 

951 

Q.4S 

Chronic glomerulonephritis 

350 

5.3 ' 

210 , 

463 * 

673 

0.45 


440 

5.3 r 

204 ! 

530 i 

794 

0.50 


840 

5.3 

460 1 

850 j 

1310 

0.54 


600 

5.1 ' 

232 

420 

652 

0.55 

Mean 

640 

5.2 

316 

548 

864 

0.58 


40 
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1; while, on the other hand, the majority of the daily values of 
R in the cases of Group 2 are alwaj^s low. This separation of 
our cases of nephritis into two discrete groups, though it need not 
necessarily depend upon the difference between two quite separate 
and distinct nephropathies, must have a substantial cause, and, 
accordingly, it will be necessary to consider the characteristics 
of the two groups of cases. We have, accordingly, undertaken 
a careful analysis of our data. A large part of this we shall not 
present here, for it seems better to postpone it as material for a 
technical paper on the use of statistical methods in the study 
of renal functions. In order more clearly to show the complete- 
ness of the separation of our cases into two groups according to 
the values of R, it vill suffice to consider all cases in which we 
have determinations upon at least five days, both of nephritics 
and of normal individuals, and to calculate the mean values of 
R together with the “probable errors” of this quantity. Such 
results give the ranges ^vithin which the values of R for the cases 
in question probably fall. In other words, these ranges are such 
that there is an even chance, if the cases could bo preserved in 
the condition which characterized the period of observation, 
and studied for a very long period, that the mean values of R 
for this period would fall wdthin the range of the probable error 
around the mean values of our actual observations. These 
values are tabulated below. 


T.^BLE II. 


CASK 

1 ^ I 

1 1 

C.\SE 

Jl 

TT 

3.33 * 0.12 

XXVIII 

0.98 * O.OG 

TTr 

3.09 * 0.27 

XXIX 

0.97 * O.OS 

VT 

1.9S * 0.12 

XXXI 

0.93 * 0.03 

VTTT 

1.93 0.06 

XXXII 

0.80 * O.OS 

IX 

1 2.15*0.30 

XXXIII 

0.82 * 0.02 

X 

1.95*0.23 

XXXIV 

0.83 * 0.03 

\’T 

1.75 * 0.04 

XXXV 

0.74 * 0.06 

VTT 

1.71 * 0.04 

XXXVII 

0.76 * 0.03 

VTTT 

1.62 ± 0,06 
1.25 =*= 0 . 0*1 

XXXVIII 

0.75 * O.O'l 

vyrr 

XXXIX 

0.98 * 0.16 

WTTT 

1.39 * 0.17 

XL 

0.67 * 0.04 

VVT 

• 1.10 * O.OS 

XLI 

0.72 * 0.10 

WTT 

1 01 * 0.11 

XLIII 

0.62 * 0.02 

XXIV 

XXVII 

1 

' 1.01 * 0.10 
1.01 * 0.09 

XLIV 

0.58 * 0.0-1 
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These values are also expressed graphically in the accompany- 
ing diagram, in which each line represents the range of a par- 
ticular case. 

It needs no discussion to show the discontinuity of the abnor- 
mallj^ high values of R in nepliritis with those which, though 
often a little elevated, on the whole coincide with the normal 
values, and are certainl}' continuous mth them. 

For convenience the means of all the values of, I, the cases in 
which R is high fR > 1 .6); II, the cases in which R is of medium 
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value (1.3 > R > 0.8); III, the cases in which R is low (R < O.S), 
and, finally, for comparison, the normal values, are aU assembled 
in the following table. To these mean values the probable errors 
are appended. 

TABLE ra. 


TTPE 

V 

1 “ . A j NH, j 

1 1 

R 

High . 

1650=1=169 

5.2=1=0.05 ' 318=1=17 j 165=i=14 j 

483 *29 

2.08=1=0.14 

Medium. 

' 1(86=1=114 

5.2=1=0.08 1 287=1=22 1 276=i=20 

563=1=42 

1 1.03=1=0.03 

Low 1 

1187=1= 93 

5.6=1=0.10 : 244*18 1 341=i=25 | 

585=1=42 

' 0.72=1=0.02 

Normal . .1 

1206=1= 61 

5.9=1=0.04 275=1=10 368=i=14 

643=1=17 

' 0.78=1=0.04 
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These tables contain the more important results of the present 
research. Thej’- confirm previous observations upon the lieight- 
ened acidity of the urine in nephritis, a condition which is accom- 
panied, and probabl3-' caused by a diminished elimination of 
acid (A -f NHa). Both of these conditions are most marked 
in the cases in which B is high or at least above the normal aver- 
age, and far less considerable in those cases which are inarked 
by low values of E. The diminution of acid excretion, however, 
is not equally conspicuous in the two moieties A and NH3; for, 
while the former remains on the whole neaiN normal, the value 
of NHs is greatly diminished (necessaril}'- under the circumstances) 
when E has an abnorjnally high value, and even when R is only 
of high normal range. 

In the “high" cases the value of A is in fact a little above 
normal. This, however, seems to be due to the increased inten- 
sity of acidit}'- in a phosphate mixture of about the same concen- 
tration as in the normal cases. In these cases the ammonia 
e.xcretion is very greatly diminished, so that on the average it 
amounts to less than half the normal quantity. This diminution, 
therefore, is alone responsible for interference with the regula- 
tion of the alkalinity of the blood, a disturbance which has been 
demonstrated by the studies reported in the following communi- 
cation. Thus these high cases reveal the hitherto unknown 
phenomenon of a condition of acidosis accompanied bji’' a con- 
stant diminution of the urinary ammonia.'' In these cases the 
acidity is very high, .and the volume is notabl}'' above the nor- 
mal value. 

The “medium" cases appear to bo of a different kind. They 
are also, to be sure, characterized by veiy high acidity, and the 
total elimination of acid is, though in a less degree, diminished. 
But the excretion of ammonia is relatively very much less dimin- 
ished. The volume, instead of being increased, is diminished. 
The low cases seem to resemble the medium cases, but to be 
marked by less intense disturbances. The acidity is moderately 
intense, the total e^ccretion of acid is but little below normal, 
as a result of a small diminution of A and of an apparently noi'- 
mal excretion of ammonia. But the urinarj' volume is again low. 

Henderson and Palmer: Proc. .Am. Soc. Biol. Chemists, this Jounwl, 
.\iv, p. -xxv, 1913. 
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In view of the necessity of verj’- large numbers of observations 
in order that averages such as are assembled in the above table 
may be accepted with complete confidence, we do not feel dis- 
posed to regard all these fluctuations as significant, but, at least, 
of the great and constant diminution of ammonia in the high 
cases there can be no doubt, and as has been shown, there is also 
good ground for regarding these cases as really different from the 
others. On the other hand, there is no reason to suppose that 
the medium and low cases are different from each other save in 
degi’ee, Avhile one is justified in assuming that however great 
their difference from the liigh cases there can hardly be a differ- 
entiation into two mutualty exclusive tj^ies of nephritis. 

The nature of this question is such that pathological and even 
clinical observ'ations may aid in reaching a conclusion. In 

TABLE n'. 

OROOT 1. R GREATER THAK l -tl ^ CROCP 2. R LESS THAN 1 .43 

CASES 1 TO XVI CASES X\^l TO XLIV 

Chronic glomerulonephritis 

Arteriosclerosis 

Chronic nephritis 

Acute nephritis 

Syphilitic nephritis 


Table I vdth each case we have given the clinical diagnosis as it 
exists in the hospital records, and in no case has any influence 
on the character of the diagnosis been made by the authors. 
These diagnoses were made by one of the four tysiting ph 3 ^sicians 
to the hospital under whose charge the patient chanced to be. 

The cases are collected in Table IV with reference to these 
diagnoses and are divided into two groups, one with ratios greater 
than, a second with ratios less than 1.43. 

The clinical course and other data, as well as a detailed dis- 
cussion of the significance of the high and low ratios in reference 
to the clinical and anatomical diagnosis and prognosis in indi\ddual 
cases will appear in a subsequent paper. Here we vdsh merely 
to call attention to the predominance of chronic glomerulonephri- 
tis in the group with high ratios and the large proportion of cases 


. . . . 9 Chronic glomerulonephritis 8 

2 1 Arteriosclerotic nephritis 1 ^ 

.... 2 ' Chronic interstitial nephritis. . . / 

. . . . 2 Chronic nephritis 5 

. . . . 1 I Cardiorenal disease 4 

Subacute nephritis 4 
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with degenerative nephritis in the group with low ratios. Of 
the sixteen high ratio cases nine were definite^ diagnosed as 
chronic glomerulonephritis. It is fair to say that the two cases 
with the diagnosis of acute nephritis might liave been merely 
acute exacerbations of a slowdy progressing nephritis. The 
two cases called chronic nephritis w'ere apparently borderline 
cases in which a definite diagnosis could not be made. Syphilitic 
nephritis obviously was a diagnosis of convenience and may 
properly be considered under the head of chronic glomerulone- 
phritis. Practically all of the cases in Group 1 were more or less 
uremic. 

In the second group the cases seem more scattered among 
the various diagnoses, but if the cases which have been catalogued 
as arteriosclerotic nephritis, chronic interstitial nephritis, chronic 


TABLE V. 


1 

CASE 

n 

CLINICAL DIAGNOSIS i 

ANATOSriCAL DIAGNOSIS 

VII 

1.93 

Chronic glomerulonephritis 

1 Arteriosclerotic nephritis. 

XI*.... 

1.72 

Chronic glomerulonephritis 

Chronic interstitial nephritis 

XLI....j 

0.67 

Chronic nephritis 

Arteriosclerotic nephritis. 

XLIII.... 

0.61 

Chronic nephritis 

Arteriosclerotic nephritis. 


• The necropsy on this esse n-ns por/ornicd at the Peter Bent Brigham Hospital, to which I am in 
debted lor being able to include this case among those with anatomical diagnoses. 


nephritis, and cardiorenal disease are taken together, e.xactly 
half the cases are included. This grouping seems justifiable 
because the degenerative type of nephritis in most instances is 
indicated. In contrast to the cases with high ratios only 8, or 
22 per cent, have been called chronic glomerulonephritis. None 
of the cases diagnosed as acute, subacute, or chronic glomerulone- 
phritis with low ratios, either clinically or by the various func- 
tional tests used, showed marked renal insufficiency. On the 
other hand, several among the cases of degenerative nephritis 
were uremic and a few died in typical uremia. Unfortunately 
only four of the forty-four cases reported were autopsied. 

The comparison between the clinical and anatomical diag- 
nosis in these cases appears in Tabic V. 

Taking all these facts into account, we feel justified in draw- 
ing the conclusion that our cases of nephritis divdde themselves 
into two groups nossessing the following characteristics; 
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I. Cases in which the volume of urine is abnormally great, its 
acidity abnormally intense, and the total acid excretion much 
diminished (signs of a condition of acidosis which may be of 
renal origin). This diminished acid excretion is due exclusively 
to a never failing deficit in the urinarj’- ammonia; for the value 
of A is, taking accoimt of the intensity of acidity, precisely normal. 

II. Cases in which the mean urinarj’- volume appears to be 
not far from normal, the aciditj’ high and often very high, the 
total acid excretion often low, but not infrequentlj' normal. 
The variation in this quantity is once more due to fluctuations 
in the urinarj’ ammonia. These cases suggest the idea that 
thej’ involve varying degrees of acidosis which are generally 
much milder than in the cases of Group 1. 

Group 1 appears to consist of an uncommonlj’ sharply defined 
group of cases which, functionalty at least, are of one type. Group 
2 maj’ well consist of either one or more classes of disturbance 
of renal function, including perhaps mild forms of the condition 
represented in Group 1. 




ON THE RETENTION OF ALKAil IN NEPHRITIS. 

Br WALTER W. PALMER* ant) LAWTIENCE J. HENDERSON. 

{From the Wards and Chemical Laboratory of the Massachmctts General 
Hospital, Boston.) 

(Received for publication, Februarj' 27, 1915.) 

In the course of the investigations reported in the preceding 
communication, evidence has steadily accumulated in support 
of the view that nephritis commonlj' involves a state of acidosis. 
At an}"^ rate, the more extreme disturbances of the acid excretor3' 
function which have come to light hardly seem open to any other 
interpretation. We have accordingl3’- thought it well to observe 
the action of sodium bicarbonate, w'hen fed, upon the composi- 
tion of the urine in these cases, just as we have previouBlj' done 
in a variety of conditions taken at random. 

The nature of the observations will be sufficienth* clear from 
the tables of data presented below, which represent fair sam- 
ples of cases in which ingested alkali has been retained. 


* Henry P. Walcott Fellow in Clinical Medicine, Harvard Medical 
School. 


57 



Observations on single specimens of urine Ihro^ighout the txoenty-four hours. 

Casel. R =- 1.63 Case 2. R = 2.07 Case 3. R = 1.05 
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TABLE n. 


Observations on daily amounts of urine during ingestion of sodium 
bicarbonate. 


V 

B 

A 

NHS 

TA 

R 

KaHCOl 

1380 

5.0 

382 

490 

872 

0.78 

gm. 

1650 

4.8 

536 

590 

1126 

0.91 


845 

5.0 

320 

374 

694 

0.86 

5 

990 

5.0 

419 

344 

763 

1.22 

10 

2070 

7.2 

-8 

122 

114 

— 

40 

700 

5.0 

282 

148 

430 

1.90 


810 

4.8 

284 

190 

474 



700 

5.0 

238 

200 

438 

1.19 


750 

5.0 

292 

214 

506 

1.36 

10 

929 

5.3 

306 

242 

548 

1.26 

30 

765 

5.5 

180 

84 

264 

2.14 


1055 

7.0 

52 

85 

137 


5 

750 

5.0 

490 

425 

915 

1.15 


630 

5.1 

325 

245 

571 

1.32 


1725 

5.1 

600 

680 

1280 

0.88 

10 

1200 

5.3 

358 

428 

786 

0.89 

10 

1400 

5.3 

475 

490 

965 

0.96 

15 

1240 

5.1 

351 

385 

736 

0.91 

15 

1140 

5.1 

344 

392 

736 

0.88 

20 

1150 

5.1 

356 

65 

421 

5.48 

20 

1100 

5.1 

320 

210 

530 

1.53 

20 

950 

7.0 

100 

75 

175 

1.33 

30 


In every case of nephritis in which the condition of diminished 
ammonia excretion (high R of the preceding paper) was detected, 
there has been a real retention of alkali. This is also commonly 
the case with individuals representing other types of nephritis 
(low R), but not invariably so. 

Table III contains in summary form our principal syste- 
matic observations upon the amount of alkali which needs to be 
fed in order to produce alkalinity of the urine. 

In spite of irregularities, there can, we believe, be no doubt 
that these results point to an invariable association of acidosis 
with the one type of nephritis and a frequent association with 
other types. This investigation, therefore, strengthens the 
view that it is possible for. a condition of acidosis to be accom- 
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TABLE III. 


Amount of alkali necessary before xtrine 
became alkaline. 


CASE 

1 

n 

N'nHCOa 



gm. 

1 

1.05 

110 

2 

0.92 1 

65 

3 

0.S2 

55 

4 

1.63 

45 

0 

1.16 

40 

6 

l.OS 

35 

7 

2.07 ' 

20 

S 

2.60 

15 

9 j 

1.S9 

15 

10 

1.46 

15 

i 

0.51 

1 5 


panied by diminished excretion of ammonia, as well as by height- 
ened excretion. 

It may be pointed out that in several instances in these experi- 
ments the excretion of ammonia seems to be depressed by the 
ingestion of alkali before the hydrogen ion concentration 3delds 
to the treatment. 



THE ESTIMATION OF NON-PROTEIN NITROGEN IN 

BLOOD. 

By ISIDOR GREENAVALD. 

{From the Harriman Research Laboratory, Roosevelt Hospital, Hew York.) 

(Received for publication, March 29, 1915.) 

Of the methods proposed for the estimation of non-protein 
nitrogen in blood, onlj-- tliat proposed by Folin and Denis' has 
come into general use. The simplicitj’^ of this method has com- 
mended it to all workers, particularlj*^ to those called upon to 
make a large number of determinations. Nevertheless, no critical 
studj' of the method has appeared. Very recently- Bock and 
Benedict,- in an examination of part of the technique employed, 
pointed out certain sources of error and suggested certain modi- 
fications for the purpose of increasing the accuracy of the method. 
The distillation method of Bock and Benedict has recently been 
emploj^ed in this laboratorJ^ It is more convenient and more 
accurate than the aeration method of Folin and Denis. Dupli- 
cate determinations show better agreement and the time required 
is much less. 

The method employed by Folin and Denis for the separation 
of the protein and non-protein nitrogenous constituents of the 
blood is open to serious objection. Methyl alcohol is, upon a 
priori considerations, not a good solvent for the extraction of 
substances, such as some amino-acids, that are comparativelj^ 
insoluble therein. Indeed, Folin and Denis state that creatine, 
asparagine, and tyrosine added to blood could not be quanti- 
tatively recovered. Moreover, methjd alcohol extracts a varying 
amount of lipoid nitrogen from blood. It is true that this is non- 
protein, but it certainly does not belong in the same category as 
urea and amino-acid nitrogen. The amount, though small, is 
appreciable. We have evaporated, in vacuo, the filtrates obtained 

‘ O. Folin and tY. Denis: this Journal, xi, p. 527, 1912. 

- J. C. Bock and S. R. Benedict: fbfd, xx, p. 47, 1915. 
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in the Folin-Denis procedure and have precipitated the lipoids 
with hydrocliloric acid and clilorofoi-m.® After washing the pre- 
cipitate with dilute hydrochloric acid saturated with clilorofomi, 
the nitrogen was estimated. The values obtained were, for human 
serum 2.67 and 2.53 mg., for beef blood 3.12 and 4.28 mg., and 
for sheep blood 2.82 mg. of nitrogen per 100 cc. of blood. 

In view of these sources of error in the method and the un- 
doubted usefulness of estimations of non-protein nitrogen in 
blood, it seemed desirable to attempt to eliminate them. In the 
search for a protein precipitant, in addition to complete precipi- 
tation of the proteins, three properties were desired: 1. The pre- 
cipitant should be used in aqueous solution, so as to make more 
probable the complete extraction of all non-protein, water-soluble 
substances and also to ensure complete precipitation of the lipoids 
with the proteins. 2. It should not redissolve protein when present 
in excess, so as to permit of considerable variation in the propor- 
tions of blood-protein and precipitant, 3. It should not interfere 
with the subsequent digestion or distillation. Most of the usual 
protein precipitants fail to meet one or more of these conditions. 
The good results which the author^ has obtained in the extraction 
of phosphates from blood by means of a mixture of hydrochloric 
and picric acids® suggested the use of a similar solution. 

After a number of experiments with several protein precipitants, 
it appeared that trichloracetic acid closely approximated the ideal 
precipitant. It is verj’- soluble in water, is readily volatile, does 
not dissolve protein Avhen present in great excess, is readily ob- 
tained free from nitrogen, and at a comparatively low cost. A 
few preliminary experiments showed that the proteins of blood 
are completely precipitated by the addition of nine volumes of a 
2 per cent solution. As a routine precipitant, nine volumes of a 2.5 
per cent solution were adopted. The action of this solution upon 
sheep blood was compared with that of a 22 per cent solution. In 


> W. Koch and H. S. Woods: ibid., i, p. 206, 1905-06. 

* I. Greenwald:f67'd., xiv, p. 369, 1913. 

* Folin, Lewis and Benedict, and Chapin and Powick have also used 
picric acid for precipitating proteins and lipoids in the estimation of creati- 
nine, creatine,' glucose, and phosphates. (Folin: this Journal, xvii, p. -Mo, 
1914. R. C. Lewis and S. R. Benedict: ibid., -xx, p. 61, 1915. R. M. 
Chapin and W. C. Powick: ibid., xx, p. 97, 1915.) 
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the filtrates there were found, respectively, 36.3 and 36.4 mg. of 
nitrogen per 100 cc. of blood. Evidently a solution of nine times 
the concentration ordinarily used did not dissolve appreciable 
amoimts of protein. 

The filtrates obtained are colorless, though not always abso- 
lutely clear. The slight turbidity can readily be removed by 
shaking with a little kaolin. The filtrate from the kaolin is 
absolutely clear and colorless. The liquid remains clear after 
the addition of picric acid or of potassium-mercuric iodide, even 
upon standing for twent 3 '-four hours, and gives only the slightest 
turbidity with phosphotungstic acid. 

The precipitates obtained upon the addition of phosphotungstic acid 
to filtrates corresponding to 46 cc. of sheep blood, to 20 and 25 cc. of human 
blood, and to 50 cc. of beef blood were used for the determination of nitro- 
gen. The amounts obtained were no larger than in the blanks. In another 
experiment, 3 liters of filtrate, corresponding to 300 cc. of sheep blood, 
yielded 0.323 mg. of nitrogen, or 0.108 mg. per 100 cc. of blood. 

The absence of protein in these filtrates was demonstrated in 
other ways. 

Large volumes were almost neutralized with sodium hydroxide and 
evaporated under diminished pressure, with an outside temperature not 
exceeding 40° to a volume approximately equal to that of the original 
blood.® Portions of the turbid liquid were treated with hydrochloric acid 
and potassium-mercuric iodide. After standing for from twenty-four to 
forty-eight hours, the precipitate was centrifugated out, washed with 
water containing a little of the precipitants, and the nitrogen content 
estimated. Even without previous treatment of the original filtrates with 
kaolin, the amount of nitrogen found, per 100 cc. of blood, was, in beef 
blood, 0.151 and 0.346 mg., in sheep blood 1.56 and less than 1.23 mg., 
and in human blood 0.21 mg. After treatment with kaolin, 970 cc. of the 
filtrate from beef blood yielded only 0.067 mg. of nitrogen when treated 
in this way, or 0.069 mg. per 100 cc. of blood. 


* We have, in one experiment, tried evaporation of the neutralized blood 
filtrate on the water bath. It was found to be strongly alkaline. 

(OCClsCOONa + H,0 = NajCOj + 2 GHCI 5 + CO,) 

This reaction does not occur when the evaporation takes place at a low 
temperature. M e have always done this in order to avoid this reaction 
and also the possible decomposition of any protein that might be present, 
although all our results indicate that there is no protein in these filtrates. 
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In other experimerits large volumes of the trichloracetic acid filtrates 
were neutralized and evaporated as already described. To these were 
then added nine volumes of methyl or ethyl alcohol. The precipitate was 
allowed to settle for at least twenty-four hours and then kept in fresh 
alcohol for another day. It was then washed with alcohol and dried. 
Upon treating with water, almost all dissolved. The insoluble material 
was used for 'nitrogen estimations. There were obtained, respectively, 
0.353 and 0.037 mg, per IDO cc. of sheep and beef blood. The solution of 
the material precipitated by alcohol did not give the biuret reaction, nor 
any precipitate with picric acid or potassium-mercuric iodide, and onlj’ a 
very slight precipitate, if anj', with phosphotungstic acid, even after stand- 
ing twenty-four hours. The nitrogen in a particularly heavy precipitate 
was determined and found to be 0.16 mg. per 100 cc. of blood. Estima- 
tions of the total nitrogen and of amino-nitrogen (by "Van Slyke’s method) 
in the solution of the alcohol precipitate showed that from 25 to 50 per cent 
of the nitrogen was present as amino-nitrogen. This was not increased 
by boiling wdth hydrochloric acid. 

From the above experiments it seems that there is no appreciable 
amount of protein in the filtrate from trichloracetic acid and 
kaolin. 

That trichloracetic does not split off nitrogen from tlie proteins 
of blood is indicated by the following experiment. 

Blood was dialyzed against running water for six days. It was then 
treated with trichloracetic acid and kaolin in the usual manner. Nitrogen 
was estimated in 50 cc. portions of the filtrate and in the same volume of 
trichloracetic acid solution, after treatment with kaolin. The same 
amount was found in both; aiz., 0.044 mg. This ineludes the nitrogen of 
the Kjeldahl reagents. 

The amount of nitrogen extracted from blood by means of trichloracetic 
acid was compared with that obtained by treatment of another sample of 
the same blood with hydrochloric acid and mercuric chloride. The 
amounts obtained were, respectively, 34.1 and 33.7 mg. of nitrogen per 
100 cc. of blood. 

It remains to discuss the efficacy of the method in the recovery 
of added amino-acids and to compare the results with those ob- 
tained by the Folin method. It was not thought necessary or 
advisable to make a large number of tests wth individual amino- 
acids but to use a fairlj'^ t5’-pical mi.xture. 

Casein was hydrolj'zcd with boiling 25 per cent hydrochloric acid for 
forty hours. Most of the hydrochloric acid was distilled off under dimin- 
ished pressure, the liquid was neutralized with sodium hydroxide anc 
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filtered. The filtrate was treated with animal charcoal and filtered. After 
most of the tyrosine had crj’stallized out the amino-nitrogen of the final 
filtrate, determined by Yan Slyke’s method, was 83 per cent of the total 
nitrogen. Measured portions of this liquid were mixed with known volumes 
of blood. Estimations of the non-protein nitrogen in the untreated blood 
and in the blood and amino-acid mixture were then made. It was found, 
in every case, that the trichloracetic acid filtrate contained all the added 
nitrogen, whereas the methyl alcohol filtrates contained little over half. 
Correspondingly, the nitrogen in the trichloracetic acid filtrates from 
untreated blood was higher than in the methyl alcohol filtrates. Previous 
laking of the erythrocytes did not appear to affect the results with tri- 
chloracetic acid. 


TABLE I. 


Recovery of the nitrogen of urea and of amino-acids added to blood. 
Mg. per 100 cc. of blood. 



METHTL ALCOHOL 

TBICHLOIUCETIC ACfD 

Found: 

Calcu- 1 
lated. { 

Found. 

Calcu- 

lated: 

Sheep blood 

25 8 


36 3 


“ “ and urea . . 

79 6 

80 4 

88 9 

86 8 

“ “ “ amino-acids 

43 7 

54 4 

64 5 

64 4 

i< « (( 

61.1 

82.0 

90 2 

91 5 

Pig blood. 

16 2 


31.5 


“ “ and urea 

66.7 

71 3 

89.1 

87 8 

“ “ “ amino-acids 

33 6 

45 3 

59.5 

59 8 

Beef blood. . 

14 6 


26.2 


“ “ and amino-acids 

33 5 

43 8 

56 9 

54 8 

« t( U t( 

54 4 

73 0 

84 6 

83 3 


In Table II are presented the results of a number of determi- 
nations by the two methods. According to the proposed modifi- 
cation, the normal amount of non-protein nitrogen in human 
blood is about 30 mg. per 100 cc. instead of about 22 mg. In 
nephritic blood, both methods give higher results, but the differ- 
ence between the two is not proportionately increased. This is 
to be expected, as the increase in the non-protein nitrogen of the 
blood in nephritis is largely due to a retention of urea, which is 
quantitatively extracted by either method. 

In this work the blood has regularly been diluted to ten times 
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its original volume with the tvichloracetic acid solution. The 
determinations have been made upon measured portions of the 
filtrate, without wasliing the precipitate. The error due to tlic 
volume of the precipitate appears to be negligible. 

Among minor advantages of the use of trichloracetic acid 
instead of methyl alcohol is the sa\dng in time. The blood and 


II. 


Nitrogen extracted hy methyl alcohol and by trichloracetic acid from blood. 
Mg. per 100 cc. of blood or scrim. 


JlhOOD 




Diagnosis 

Methyl j 
alcohol 

Triclilor- 

acetic 

acid 

IN'ormal 


21.0 

27.9 

Influenza pneumonia 

35.9 

50.5 

Polycythemia 

20.2 

42.4 

Chronic bronchitis 

31.9 

43.5 

Chronic endocarditis. 



rheumatism 

31.0 

42.7 

Chronic nephritis 

10. ^9 

31.5 

« 



18. S 

29.5 




09.9 

SO. 9 

<< 

it 

120.0 

137.2 

tt 

ii 

53.0 

72.0 

« 

“ . . 

29.0 

35.5 



22.9 

32.7 

« 

It 

32.7 

44.1 

i( 

“ 

21.3 

31.3 

i( 

tt 

174.0 

195.0 

i( 


110.0 

133.0 


Diagnosis 


Norm.al. 



21.2 I 31.0 
22.0 31.7 


21.2 20.3 


Chronic endocarditis . 

Pneumonia 

Chronic nephritis 

« i< 

Diabetes, pneumonia, 
chronic nephritis .. . 
Acute nephritis 


34.6 j 47.2 
29. S I 41.3 
20.2 j 33.0 
23.9 I 33. S 

I 

00.7 I 73.4 
35.0 , 47.2 



trichloracetic acid mixture may be filtered within a half hour. If 
great accuracy is not desired, the treatment witli kaolin may be 
omitted. The results may then be too high, but the error doc.s 
not e.xcccd 2 mg. per 100 cc. of blood. Because of the ab.scnce 
of fais and similar substances in the solution the oxidation is com- 
pleted veiy mucii sooner than Avhen methyl alcohol is used. 
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Directions for the determination of non-protein nitrogen in blood. 

As the result of our experience we carr}^ out the determination of 
non-protein nitrogen in the following manner. The blood is diluted 
to ten times its original volume with 2.5 per cent trichloracetic acid 
solution. After standing for thirty minutes it is filtered and the 
filtrate shaken with a small amount of kaolin (about 4 gm. per 
100 cc.) and again filtered. (If an error of not more than 2 mg. 
of nitrogen per 100 ce. of blood may be neglected, the treatment 
with kaolin may be omitted.) Portions of the filtrate are measured 
into large Jena test-tubes, as recommended by Folin and Denis;’ 
a few small glass beads, 1 cc. of concentrated sulphuric acid, 
and a few drops of 5 per cent copper sulphate solution are added 
and the mi.xture is boiled down until it chars. Approximately 
0.3 gram of potassixun sulphate is then added and the heat- 
ing is continued for five minutes after the mixture has become 
colorless. It is then allowed to cool, is diluted, and, after adding 
a little powdered pumice stone, distilled as recommended by Bock 
and Benedict.® The subsequent procedure is that of Folin and' 
Denis. It is most convenient to use 10 cc. of filtrate, equivalent 
to 1 cc. of blood, and to dilute the distillate, after Nesslerizing, 
to 50 cc. The non-protein nitrogen of the specimen may then 
lie between 25 and 90 mg. per 100 cc. of blood without impairing 
the accuracy of the determination. 

It is with great pleasure that I acknowledge my indebtedness 
to Mr. Morris Weiss for his assistance in the experimental work, 
and to Mr. Kanematsu Sugiura for the estimations of amino- 
nitrogen. 

StJMMAEY AND CONCLUSIONS. 

The use of methyl alcohol as a precipitant for proteins in the 
determination of non-protein nitrogen is undesirable for several 
reasons. Amino-acids added to blood cannot be quantitatively 
recovered in the filtrate. Aloreover, the extract contains about 
3 mg. of lipoid nitrogen per 100 cc. of blood. This, though 
non-protein, scarcely belongs in the same fraction as urea and 

^ Folin and Denis: loc. cit. 

*Bock and Benedict; loc. cit. 
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amino-acid nitrogen. If a 2.5 per cent solution of trichloracetic 
acid be substituted for the methyl alcohol, the lipoids are com- 
pletely precipitated with the proteins, and added amino-acids 
may be quantitatively recovered in the filtrate. This may con- 
tain a trace of protein, which can be removed bj’- shaldng vith a 
little kaolin. The final filtrate appears to be free from protein 
and to contain all the water-soluble, non-protein constituents of 
the blood. The normal amount of non-protein nitrogen is thus 
found to be about 30 mg. per 100 cc. of human blood. It seems, 
therefore, that not only are added amino-acids not completely re- 
covered by extraction with methyl alcohol, but that a considerable 
amount of non-protein nitrogen normally present in blood, the exact 
nature of which is yet to be ascertained, also fails of extradtion. 



A NOTE ON THE DETERMINATION OF NITROGEN BY 
THE KJELDAHL-FOLIN-FARMER METHOD. 

Bt victor JOHN HARDING akd FRANCIS H. S. WARNEFORD. 

(From the Biochemical Lahoralory, McGill University, Montreal,') 

(Received for publication, March 7, 1915.) 

The use of the Kjeldahl-Folin-Farmer^ method for the de+er- 
mination of the total nitrogen content of biological fluids has 
proved of such enormous value to chemists and physiolo^ts 
that the authors were of the opinion that the method could be 
applied in pure organic chemistry to the determination of the 
percentage of hitrogen in organic compounds. Cases frequently 
arise in which the amount of an organic compound, produced 
in synthesis or by analysis, is too small for a determination of its 
percentage of nitrogen to be carried out by the Dumas method 
or the ordinary Kjeldahl-Gunning process. The identification 
of minute amounts of organic bases, the determination of the 
composition of rare alkaloids, where it is necessary to conserve 
the supply of material, are cases to which the determination of 
nitrogen by the two above mentioned methods could not be 
applied with success. Each of them reqmres at least 0.2 gram 
of substance for determinations in duplicate, whereas the small 
amount of material required in the micro Kjeldahl process of 
Folin and Farmer seemed to hold out a promise of success and 
open up fields of investigation which had pre\'iously been closed.* 

The authors, however, were not aware at the time of the limits 
of accuracy of this method, and in order to ascertain this point, 
they made a series of determinations of the percentage of nitro- 
gen in urea. Since this experimental work a paper by Bock 
and Benedict* has appeared in which the Folin-Farmer modifica- 
tion of the Kjeldahl process is adversely criticized. The niunber 
of experiments performed and the invariable discrepancy of the 

* 0. Folin and C. J. Fanner; this Journal, xi, p. 493, 1912. 

* E. C. Grey; Tr. Chem. Soc., cv, p. 2204, 1914. 

’ J. C. Bock and S. R. Benedict: this Journal, xx, p. 47, 1915. 
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results show quite clear]}’- the limitations of the method. Our 
own results bring out the same point, but not to so great an c.\- 
tent; indeed, the errors of experiment are found to be compen- 
sated provided a sufficient number of determinations be per- 
formed. Such a number of experiments, however, from our 
point of view was not desirable; for the fact that a greater nutn- 
ber than two has to be performed in order to obtain a result 
in harmony with theoiy destroj’s one’s confidence in the method, 
and consequently we abandoned the process as a means of deter- 
mining the percentage of nitrogen in minute amounts of organic 
compounds. Bock and Benedict’s paper, however, opens the 
subject in a more general way and hence we think our exper- 
imental results will prove of interest to others besides our- 
selves. 

In our experimental procedure wc followed the details given by Folin 
and Farmer, c.xccpt that our ammonia was aspirated in the tit HCl placed 
in a 100 cc- flask and Ncsslerizcd direct without transference to another 
vessel. 

0.02 gm. of urea was aissolvcd in water and made up to 10 cc., and the 
nitrogen was determined in 1.0 cc. The colorimeter readings given repre- 
sent the mean of five consecutive closely agreeing readings. 


COLOniMETER REAOIN’O 

Nj PEtl UTEn 


ctn. 


•per cait 

2.17 

0.922 

4G.0S 

2.15 

0.930 

4G.51 

2.12 

0.943 

47.12 

2.1G 

0.92G 

. 

40.30 

Average 2.15 

0.930 

4G.50 

Theory 

0.933 

4G.G0 


Thus it will be seen that the average of these four determinations 
gives a result in close agreement with theory. The errors of the 
individual determinations are compensated in this particular 
case, though they arc large when reckoned in percentage of nitro- 
gen. A difference of 0.02 cm. in the colorimeter readings means 
a difference of nearly half a per cent on the percentage of nitro- 
gen, an error too great to be allowed in the calculation of the 
formula of an organic compound. That errors of this magnitude 
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are the normal errors of the method can be seen by comparing 
the results, when expressed as grams of nitrogen per liter, ndth 
those given in the original paper of Folin and Farmer. The 
following figures taken from that paper show the error of the 
method and the comparison with the Kjcldahl method. The 
results were e.xpressed in grams of nitrogen per liter of urine. 


lOLIN METHOD 

KJELDAHL METHf 

gm. 

1 

gm. 

7.9 

8.1 i 

s.o 

3.7 

4.1 

3.7 

10.5 

10.0 

10.2 

9.4 

9.3 1 

9.2 

9.3 

9.1 

9.2 


The small amount of divergence of the colorimeter readings 
in our determinations is, we beheve, a normal divergence, and is 
inherent not only in this particular colorimetric process but in 
all determinations depending on the use of the colorimeter. The 
results of one of us with Mr. MacLean'* on a colorimetric deter- 
mination of amino-acid a-nitrogen show this same divergence, — 
about 1 per cent. Small as this is, and confirming the value of 
the Kjeldahl-Folin-Fanner method for the uses for which it was 
designed, viz., the determination of total nitrogen in minute 
amounts in phj'siological fluids, it is too large to allow of the 
extension of the method to those problems which we have indi- 
cated, and we are reluctantlj’’ compelled to abandon it. 


' V. J. Harding and R. M. MacLean; ibid., xx, p. 217, 1915. 
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(Received lor publication, February 19. 1915.) 

All plants require sulfur in greater or lesser amounts for their 
growth, but while this fact has long been recognized, it is only 
recently that this element has begun to receive the attention 
which its importance demands. Improved methods' of crop 
analysis have shovm that ordinary farm crops remove con- 
siderably larger amounts of suHur from the soil than had pre- 
viously been supposed, and the necessity of insuring a proper 
supply of this element in soluble form, if crops are to continue 
to receive an adequate supply, becomes, therefore, quite evident. 

It is known that sulfur occurs in soils mainly in complex organic 
compounds, only small amounts of sulfites, sulfates, and sulfides, 
and other mineral suKur compounds being present. It is likewise 
known that plants require sulfur in the form of sulfates, and hence 
it is evident that the process of the transformation of organic 
compounds containing sulfur into sulfates is of great importance 
from the standpoint of the feeding of crops. This transforma- 
tion or oxidation has been termed ‘’sulfofication” by Lipman- 
in his admirable scheme of nomenclature for bacteriological proc- 
esses in the soil, and it will be employed in this work as a general 
term to include the oxidation of organic sulfur compounds, sul- 
fides, and free suKur with the production of sulfates. 

It has been recognized that bacteria are active in the oxida- 
tion of sulfur compounds, but their activities in soil in bring- 
ing about a production of sulfates have not been studied to any 

* E. B. Hart and W. H. Peterson: Research Bulletin H, Wisconsin Agri- 
cultural Experiment Station, 1905. 

’ J. G. Lipman; Botan. Gaz., li, p. 464, 1911. 
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extent previously. It is evident, however, that if the}”- are weak 
and inefficient, sulfate production might be expected to be slow 
and crops to suffer, even though an abundance of total sulfur 
was present in the soil. 

The present work deals mainl3'- with the questions: Do soils 
have a sulfofying power? And if so, how may it be determined? 
A stydy of other questions is being carried out, and many data 
are being accumulated which will be published later. The experi- 
ments described here are those which have shown that soils 
do have a sulfofjdng power; that this power is determinable by 
laboratory methods; and that the ph5’-sical characteristics of 
soils and certain methods of soil treatment influence to a con- 
siderable extent the ability of a soil to produce sulfates. 

HISTOniCAL. 

Veiy little work has been done on the problem of sulfur trans- 
formation in soils but it has been found that bacteria bring about 
its oxidation to sulfates, in which form it is assimilable by plants 

DcgruIIy’ applied sulfur to soil, found the greater part of it appearing 
later as sulfate, and concluded that the increased crop was due to the 
sulfates formed, or to a stimulating effect of the sulfur on the plants. 
Dcmolon'* found that sulfur was oxidized to sulfate in the soil, and in 
later experiments® he confirmed this observation and concluded that 
the fertilizing action of sulfur was due partlj'' to the formation of sulfuric 
acid, which either acts directly as a source of sulfur, or by its action on 
bases, especiallj" calcium, makes more mineral matter available to plants. 
Ivossovitch' has emphasized recently the fact that sulfur passes through 
a cycle in natui-e from organic to inorganic form, undergoing oxidation 
and reduction principally through the activities of microorganisms. Bri- 
oux and Guerbet" concluded from their investigations that the oxidation 


® L. Degrully: Prog. Agr. Vil., Ivii, p. 321, 1912; Chem. Abslr., vi. No. 12, 
p. 1649, 1912. 

* A. Demolon: Compt. rend. Acad. d. sc., cliv, p. 514, 1912; Chon. Abslr., 

vi. No. 15, p. 2129, 1912. 

® Demolon; Compl. rend. Acad. d. sc., clvi, p. 725, 1913; Chon. Abslr., 

vii. No. IG, p. 2822, 1913. 

®P. Kossovitch: Russ. J. Expl. Landio., xiv, p. 181, 1913; Chon. Abslr., 

viii. No. 5, p. 978, 1914. 

’’ C. Brioux and M. Guerbet: Compl. rend. Acad. d. sc., clvi, p. 147C, 
1913; Experiment Station Record, xxx, No. 3, p. 232, 1913. 
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of sulfur was due to complicated bacterial processes probably involving 
a number of different kinds of bacteria. They found also that sugar 
and starch apparently retarded o.xidation, while peptone and other nitrog- 
enous substances favored it. Calcium carbonate was shown to accelerate 
the o.xid3tion, but sterilization entirely prevented it. This would indi- 
cate that the o.xidation of free sulfur occurs entirely by bacterial means 
and not by chemical. 

From these few e.x-periments which have considered the bacterial 
phases of the problem of sulfur fertilization, the conclusion has 
been drawn that the process of sulfofication is brought about 
entirely by bacterial agencxx The data presented in support 
of this contention are regarded as rather insufficient, however, 
to prove the point. Certain results obtained in this work tend 
to show that there may be a small chemical oxidation of sulfur 
compounds in the soil, but that the major part of the process 
of sulfofication is brought about by bacterial means. 

While it has been shown, therefore, that bacteria are active 
in the process of sulfur oxidation, no attempt has been made 
previously to determine the sulfofjnng power of soils, or their 
ability to produce sulfates. 

EXPERIMENT.XL. 

Profiting by the experience imdergone in developing methods for 
ammonification, nitrification, andazofication, it was decided to work 
with fresh soil, attempting by its use to imitate field conditions 
as closely as possible, and to insure therebj’’ the applicabilitj’ of 
the results secured to field soils. The solution method of test- 
ing bacterial activities has proved in our experience so much less 
satisfactoiy than the soil method that it was not employed here. 

ICnown amounts of different sulfides or of free sulfur were 
added to 100 gram portions of soil, and the amount of sulfate 
which formed during a period of incubation was determined. 
The results obtained in this way indicate whether, in the pres- 
ence of abundance of sulfur, other conditions being satisfactory, 
this element may be transfonned into sulfates fast enough to 
keep the plant supplied with the necessary amount. 

In all this work sulfates have been determined according to 
the method devised by the WTiters, which consists in shaking 100 
grams of soil with 200 cc. of water for seven hours in the shak- 
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ing machine, filtering, precipitating with BaCh, and estimating 
in the sulfur photometer. 

Series I. Oxidizahility of different sidfides in soil. 

0.1 gram each of potassium, sodium, and calcium sulfide M-as 
added in duplicate to 100 gram quantities of fresh soil in tumblers, 
the moisture content adjusted to the optimum, and the tumblers 
covered and incubated for five days at room temperature. At 
the end of this time the sulfates were determined. 

The results given in Table I show large sulfate production 
from the sulfides added. Sodium sulfide was more readily or 
quickly oxidized than the other sulfides, and hence it was used 
in the following series. 


TABLE I. 


NO. 

ADDITION 

1 

S AS 

1 SULFATE 

B AS 
SULFATE 
(AVERAGE) ! 

8 AS 
SOUATE 
rSODtlCED 
EnoM 

BOLTIDE 

A6DED 

8 ADDED 
AS 

SULFIDE 

1 

1 .svtTvn 

ADDED 

OXIDIIED 

1 



mg. 

mg. 


1 

ni^. 1 

per cent 

1 

Nothing 

3.40 ! 





2 

tt 

1 

3.43 

3.41 

— 

— 

— 

3 

0.1 gm. KjS 

15.61 





4 

l( « « 

15.61 

15.61 

12.20 

29.09 

41.90 

5 

0.1 gm, Na^S 

9.73 





6 

i< « U 

10.12 

9.92 

6.51 

13.33 

48.83 

7 

0.1 gm. CaS 

15.39 





S 1 

« t< It 

12. SS 

14.13 

10.72 

44.44 

24.12 


Series II. Effect of previous treatment on the oxidizing power of soil. 

100 gram quantities of fresh soils from plots under various 
treatments were weighed out in tumblers, 0.1 gram of sodium 
sulfide was added to each, the moisture content adjusted to the 
optimum, and the samples were incubated as before. The sul- 
fates were leached and determined as usual. The results given 
in Table II show quite distinctly that there may be considerable 
variation in the sulfate-producing or sulfofying power of soils. 
There was only a small variation in the amounts of sulfates 
present as such in the soils, and hence the final differences were 
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due practically entirely to variations in the suKofjing powers 
of the soils. 

The oxidation of the sulfides was so very rapid in this last 
series that it occurred to us that perhaps the action was not 
entirely bacterial in nature, and that there might be some chemical 
action involved. Hence it was decided to ascertain whether 
by shaking a sulfide with soil for seven hours there would be any 
production of sulfates. 


TABLE ir. 


LJLB. 

KO. 

PLOT 

KO. 

TBEATlfES-T 

H 

< 

b. 

S 1 

n 

3C 

< 

e 

? 1 

i t 
» < 

a 

a 

H 

■< 

si 

a 

a 2 
£ 
a 

t* 9 

S 

a 2 5 

"is 

< a D 
fc. a 
a 

s 

a 

5 

c 

§2 

< 

a 

2 

a 

Is 

si 

a 




mg. 1 

mg. 

mg^ 

mg. 

mg- 

per cent 

1 

102 

2.8 t. peat 

9.21 






2 

102 

<c (t « 

9.66 


1 




3 

102 

it it it 

9.78, 

i 




4 

102 

! it it it 1 

9.48 9.53 

1.16 

8.37 

29.09 

28.77 

5 

103 

8 t. manure, once in I 

1 







I 

1 4 yrs. 

12.44; 





6 

103 

1 a it it it 

1 








\ it it 

! 12.82' 12.63 

2.06 

10.57 

29.09 

36.33 

7 

104 

8 t. clover, once in 

i 

1 

j 






4 yrs. 

! 13.32' • 

1 




8 

104 

it if it *€ 

j 


1 






1 « « 

' 13.32. 13.32 

!' 1.66 

11.66 

29.09 

40.08 

9 

106 

1 2 t. timothy 

! 19.02 

1 

1 


j 


10 

106 

it it 

1 21.83; 20.42, 2.26 

18.16 29.09 

62.42 

11 

107 

Check 

1 20.02: 

1 




12 

107 

(1 

20.59, 20.30' 2.66 

1 ! 1 

17.64, 29.09 

60.63 


Series III. Chemical oxidation of sulfides during extradtion for 

analysis. 

In order to test this point samples of fresh soil were tfeated 
with sodium sulfide as usual, but instead of incubating the sam- 
ples, the sulfates were determined immediatelj^ after the sulfides 
were added. The results in Table III show that our suspicions 
were correct, and that there was a chemical oxidation of the sul- 
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fides in the soil shaken with Avater for seven hours. The sodium 
sulfide was affected less than the potassium and calcium sulfides. 

It is evident from these results that the percentage oxidation 
reported in the preceding series did not occur entirely during the 
incubation. The presumably chemical oxidation undergone by 
the sulfides when shaken with Avater should therefore be deducted 
from the total. 


TABLE III. 


LAB. 

NO, 

ADDITION 

8 AS 
SULFATE 

8 AS 
SULFATE 
fAVERAOE) 

i 

S AS 
SULFATE 

Produced , 

PROM 

SULFIDE 

S ADDED 
.KB 

SULFIDE 

SULFUR 

added 

oxidized 



mg. 

mg. 

mg. 

niff. ! 

Ver cent 

1 

Nothing 

3.3S 





2 

U 

3.5S 

3.58 

1 — 

! — 

1 

3 

0.1 gm. KoS 

8. 87 





4 

it << it 

9.25 

9.06 

5.48 

29.09 

IS. S3 

5 

0.1 gm. NajS 

5.28 





6 

{< « « 

5.31 

5.29 

1.71 

13.33 

12. S2 

7 

0.1 gm. CaS 

11.53 





S 

<< « << 

11.89 

11.71 

8.13 

44.44 

IS. 20 


Series IV. Cheimcal oxidation of sulfides mixed with sterile soil 
and sand when shaken tvith water for analysis. 

In order to eliminate any possibility of bacterial action in 
the shaking process, this scries AA'as planned AA'ith sterile soil 
and sand. 100 gram quantities of these materials, the soil being 
in an air-dry condition, Avere AA'eighed out in tumblers and ster- 
ilized, additions of sulfides made as before, and the sulfates 
determined. The results appear in Table IV. 

It is apparent that there Avas very slight oxidation of the sodium 
sulfide in the sterile soil and none at all in the sand. In the 
cases of the potassium sulfide and the calcium sulfide, hoAA'cver, 
there Avas a considerable oxidation. Evidently a purely chemi- 
cal oxidation of sulfides may occur Avhen they are shaken Avith 
Avater for seven hours. 

An interesting point is here brought out, and one AA'hich does 
not agree Avith the conclusions from some experiments men- 
tioned in the historical summary. The authors in those cases 
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concluded that the oxidation of sulfur occurred in the soil by 
bacterial agency only, but these results indicate that such is not 
the case. The production of hydrogen sulfide is recognized as 
a step in the sulfur cycle in nature, but this substance when pro- 
duced immediately unites with some base to form a sulfide, 
and hence sulfides such as these used in this series undoubtedly 
occur in the soil. If there is a purely chemical oxidation of these 
compounds when shaken with water for seven hours, there is 
everj’’ reason to think that there may be such a change in the 
soil itself. In other words it seems quite possible from these 


TABLE IV. 


d 

e 

< 

UEDIUil 

ADDITION 

a AS 
amj-ATE 

6 AB 
BCLPATE 

(average) 

B AS 

BULTATE 

PRODUCED 

FROM 

BDUIDE 

8 ADDED 
AS 

SULFIDE 

BULTUR 

ADDED 

OXIDIZED 




mff. 

mg. 

mg. 

mg. 

per cent 

13 

Soil 

Nothing 

4.52 





14 

« 

« 

4.52 

4.52 


— 

— 

1 

« 

0.1 gm. NajS 

4.98 





2 

“ 

ti it it 

4.54 

4,76 

0.24 

13.33 

1.80 

3, “ 

0.1 gm. KjS 

11.34 





4 


it it ft 

11.38 

11.36 

6.84 

29.09 

23.51 

5 

“ 

0.1 gm. CaS 

15.25 





6, “ 

it it it 

15.38 

15.31 

10.79 

44.44 

24.27 

7| Sand 

0.1 gm. NajS 

— 





8 

<( 

it tt it 

— 



— 

13.33 

— 

9 

it 

0.1 gm. KjS 

6.^7 





10 

' it 

tt ft it 

7.87 

7.22 

7.22 

29.09 

24.81 

11 

“ 

0.1 gm. CaS 

10.46 





12j “ 

tt ft tt 

10.23 

10.34 



10.34 

44.44 

23.26 


results that the production of sulfates in the soil is not entirely 
a bacterial process, at least in certain stages. Further tests 
will throw additional light on this point. 


Series V. Oxidation of sulfides during extraction from different 

soils. 

The next question which arose was whether the extent of 
oxidation of sulfides shaken with soil and water varies vuth dif- 
ferent sods. Sodium sulfide was chosen as it gave the lowest 
oxidation in the previous series. 
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The results in Table V show that the effect of difference in 
soil is verj^ pronounced. In order to use sulfides as a measure 
of the sulfofying power of soils it is evident that, as stated jibovc, 
the amount of sulfate produced by oxidation in the e.vtraction 
process must be subtracted from the total in order to obtain 
any idea of the power of the soil itself to form sulfates. Of course, 
it is realized that this is a somewhat questionable procedure; inas- 
much as after incubation in the soil much of the sulfide has already 
changed to sulfate. Consequently the additional sulfate formed 


TABLE V. 


LAB. 

2fO. 

PLOT 

SO. 

TREATMENT 

M 

U 

k3 

*5* 

<r) 

CO 

u 

H 

< 

J CJ 
& ■< 

eo > 

CO 

u 

< 

^ 2 
ss 

to w 

® s 

CO 

M 

o 

s ° 

og 

1 

U 

D 

CO 

5 

a 

w 

a a 
■<5 

to 

d 

« 

d 

d 

<s 

SI 

go 

R 




mg. 

v\g. 

mg. 

7iig. 

mg. 

per cfni 

1 

101 

Timothy meadow 

Trace 






2 

101 

a ft 

Trace 

— 

— 

— 

7 — 

— 

3 

102 

2.8 1. peat 

Trace 






4 

102 

{< (( t< 

Trace 

— 

— 

— 

— 

— 

5 

103 

8 t. manure, once in 









4 yrs. 

3,56 






6 

103 

« « « « 









« « 

3,76 

3. 66 

2.81 

0.S5 

13.33 

0.37 

7 

104 

8 t. olover, once in 









4 yrs. 

3.99 






8 

104 

<e t( <( « 









t( u 

4.00 

4.02 

2.11 

1.91 

13.33 

14.32 

9 

106 

2 1. timothy 

5.01 






10 

106 

« (( tt 

5.78 

5.39 

3.94 

1.45 

13.33 

10.87 


during extraction is presumably less in proportion to the amount 
of oxidizable sulfides present. In fact, where the oxidation in 
• the shaking of the entire 0.1 gram of sulfide added to the soil is 
as small as is the case with the sodium sulfide, it is quite probable 
that the change induced b 3 ’- the shaking after incubation would 
be practically inappreciable. Furthermore it is certain that, 
even subtracting the amount of sulfates produced in the shaking 
from the total amount at the end of the incubation there is evi- 
dence of a large sulfofying power in the soils, and that the results 
show the relative sulfofying powers of the different soils. 
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Series VI. Oxidation of sodium sulfide incubated in different soils. 

As the results thus far seemed to indicate that sodium sulfide 
was the best substance to use as a measure of sulfofication, it 
was decided to test several soils from various sources for sulfo- 
f5'ing power, using this material. Accordingl3’- si.v soils of as wideK 


TABLE 


SOIL 

KO. 

soil/ SOURCE 

BJ 

o 

£ 

2 

e 

H 

< 

B 

H 

< 

h 

B 

A 

5 

< 

c — 

B 
e > 

•< < 

K 

< 

b. 

S's 

“5 

< z 

si 

S SI 

% C 

Eb C 

< a 2 

CC§ 
s ® o 

S z2 

Sfc c 

UU 

ta 2 o £ 

•< a c H 
* 

c 2 c 

Sal, 

- K 

— » B e 
a - 3 

|Oa:S 



per cent 

mQ. 

mg. 

m?. 

mff. 

mg. 

per cent 

1 

Sandy loam grave- 









3 ’ard 

16. 

9.21 






1 

<C 

16. 

10.95 

10.08 

Trace 

2.61 

7.47 

56.03 

2 

Sandy loam low. 









poorly drained 









area 

21. 

16.91 






2 

H « <i 

21. 

17.29 

17.10 

5.56 

3.61 

7.93 

59.48 

3 

Heavy, black wood- 









land soil 

26. 

18.17 






3 

it it it « 

26. 

18.98, 18.57 


*13.13 

5.4^ 

40.81 

4 

Typical sand river 









bank 

11. 

4.41 






4 

it ti ti ii 

11. 

4.02 

4.21 Trace 

Trace, 4.21 

31.58 

5 

' Wisconsin drift soil 









untreated 

18. 

15.55 






0 

it it it 

18. 

15.37 

15.46 

3.19 

2 33 

9.94' 74.56 

6 

Wisconsin drift soil 









manured at rate 

1 








of 25 t. per acre 

, 15. 

1 12.15 






6 

it it it it 

j 15. 

i 13 92 

1 13 03 1 .52 

1.18 10.33 

77.49 


• This includes sulfate from soil and that due to oxidation by shaking. 


varjdng character as possible were sampled, weighed out as 
usual, sodium sulfide was added, the moisture content adjusted 
to the optimum for all the soils, and the samples were incubated 
for five daj-^s. The amounts of sulfates present as such in the 
soils were ascertained, and the amounts of the sulfide added 
oxidized in the different soils in the shaking process were also 
deteiTnined. These two amounts were subtracted from the 



82 


Sulfofying Power of Soils 


total quantity of sulfates produced, and the differences gave 
the sulfofying powers of the soils. The results are given in Table 
VI, and they show that soils do have a variable sulfofjdng power 
and that this power is dependent on the bacterial conditions 
mainly, although the chemical character of the soil also exerts 
some influence. The physical conditions of the soil evidentlj’ 
have an indirect influence because of their effect on the bacteria. 

Series VII. Oxidation of free snlfiir in different soils. 

In connection with the previous series a duplicate was run, 
the soils being the same, and the conditions of the experiment 
the same, the only difference being that 0.1 gram of free sulfur 
was added to the soils instead of the sodium sulfide. The results 


TABLE VII. 


BOIL 

KO. 

! 

1 SOIL SOUJICE 

i 

1 

WATER IN SOILS 

» 

iJ 

D 

tc 

« 

H 

< 

, 

m 

» 

h 

< 

b* 

p3 

«s 

« 1 

kM 

og 

H OQ 

< 

S M _ 
3S2 

s 

“Si 

K M M 

fc “ o 

^ £} 0 H, 
(C 

Dlr.o 

H ”2 

■<2 P 

ps£ag 

CO 


I 

per cent 

mg. 

mg. 

mg. 

mg. 

mg. 

7ifr cen 

1 

Sandy loam grave- 

1 

i 








1 yard 

16. 

6.15 

1 





1 

<< « <( 

16. 

6.01 

6.08 

Trace 

1.48 

4.60 

4.60 

2 

Sandy loam low, 

i 



1 





poorly drained 









area ' 

21. , 

12.43 

1 

j 


1 


2 

« (( 

21. 

11. 9S 

12.20 

5.56 

1.76 

4.88 

4.88 

3 

Heavy, black wood- 








1 

land soil 

26. 

11.57 



1 

1 


3 1 

U <t « 1 

26. 

Lost 

11.57 

— 

*9.87 

1.70 

1.70 

4 

Tj'pical sand river 









bank 

11. 

3.61 






4 

(I ic 

11. 

3.51 

3.56. 

Trace 

Trace 

3.56 

3.56 

5 

Wisconsin drift soil 









, untreated 

i 18. 

10.05 






5 

t( (t a a 

18. 

10.34 

■ 10.19 

3.19 

1.37 

6.63 

6.63 

6 

Wisconsin drift soil 









manured at rate 









of 25 t. per acre 

15. 

12.48 






6 

ft tt ti 

15. 

13.11] 

12.79 

1.52 

0.4S 

10.79, 

10.79 


• Includes sutfflto from soil and that duo to o.xidation by shakinj;. 
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of this series are givea in Table VII. The oxidation of the free 
sulfur by shaking with water was very small, and in some cases 
practically nothing. The percentage of sulfur added that was 
oxidized in five days was verj'- much less than the percentage 


TABLE VIII. 


LAB. 

NO. 

1 

AilOUNT or 
SULFUR 
ADDED 

NCUBATION 

PERIOD 

8 AS 

SULFATE 

1 

S AS 1 

SULFATE 
(average) ' 

S AS 

BUIJ’ATB 
IN' SOILS 

S AS 

SULFATE i 
OXIDIZED ’ 
BY SOILS 

1 

SULFUR 

added 

OXIDIZED 


gm. j 

da^fs 

mg. 

mg. 

mg. 

v\g. 

per cent 

1 

0.10 

5 

6.47 

1 


1 


2 


5 

6.75 

6.61 ' 

3.93 

2.68 

2.68 

3 

« 1 

7 

13.33 

1 




4 

“ 

7 

13.39 

13.37 

3.93 

9.44 

9.44 

5 

“ 

10 

25.59 





6 


10 

25.19 

25.39 

3.93 

21.46 

21.46 

7 

ft 

14 

33.75 

t 




8 

« 

14 

> 33.31 

33.53 

3.93 

29.60 

29.60 

9 

0.05 

5 

, 4.95 





10 


5 

, 5.19 

5.07 

3.93 

1.14 

2.28 

11 

« 

7 

, 8.00 





12 

« 

7 

1 7.40 

7.70 

3.93 

3.77 

7.54 

13 

it 

10 

, 14.06 





14 

ft 

10 

1 13.95 

14.00 

3.93 

10.07 

20.15 

15 

it 

14 

1 17.44 





16 

ft 

14 

! 17.10 

17.27 

3.93 

13.34 

26.68 

17 

0,025 

5 

4.85 



1 


18 

it 

5 

4.67 

4.76 

3.93 

0.83 

3.32 

19 

tt 

7 

6.44 





20 

it 

7 

1 5.85 

6.14 

3.93 

2.21 

8.84 

21 

ft 

10 

7.32 



) 


22 

tt 

10 

1 7.03 

7.17 

3.93 

, 3.24 

12.96 

23 

tt 


10.30 



1 


24 

it 

14 

8.16 

9.23 

3.93 

' 5.30 

21.20 


of the sulfur in the sodium sulfide oxidized in the same length 
of time. Evidently the free sulfur is oxidized much less rapidly 
than the sulfide. 

Practically the same relations between the sulfofying powers 
of the various soils were found as when the sodium sulfide was 
used. It seems, therefore, that free sulfur would probably be 
a much better material to use than sodium sulfide. 
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Series VIII. Effect of time of incubation on extent of oxidation 

of free sulfur. 

The experiments were performed like those of Series VII 
except that the period of incubation was varied from five to four- 
teen daj^s. The results in Table VIII show that with increasing 
periods of incubation there were increasing percentage oxida- 
tions in the case of all three amounts of sulfur, the gains being 
slightly larger in the case of the larger amount of sulfur. It is 
apparent from these results that the incubation period in sulfo- 
fication tests should be ten to fourteen days in duration where 
free sulfur is employed as a measure of the extent of the process, 
in order to permit accumulation of sufficient amounts of sulfates 
to bring out the maximum differences in sulfofying power among 
various soils. 

Series IX. Effect of moisture. 

Samples of air-dry soil were weighed out, sulfur was acldoci 
as usual, 5 cc. of an infusion of fresh soil were introduced, and 
varying amounts of moisture applied. The samples wore then 
incubated foi' ten daj^s at room temperature. The results arc 
given in Table IX. There was a gradual increase in sulfates 
produced with increasing amounts of water up to 25 per cent, 
and beyond that point a gradual decline, the amount of sul- 
fates formed with 45 per cent water, approximate!}’' the satura- 
tion point, being just about the same as that formed with 5 per 
cent water. 

This shows that when moisture conditions are at the optimum 
for the growth of crops sulfofication maj’- occur to the optimum 
extent, other conditions being satisfactory. In other words, 
when the saturation point of a soil is 50 per cent, the optimum 
water content lor the process of sulfofication of sulfur is 25 per 
cent. Furthermore it is evident that the saturation point of 
soils should be ascertained and the moisture content brought 
to the optimum for every soil tested in order to obtain an accurate 
determination of its sulfofying power. Two soils can not bo com- 
pared as to sulfofying power without insuring the maintenance 
of optimum moisture conditions, and the actual percentages of 
w'ater wdneh this means may be quite widely separated. 
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TABLE IX. 


LAB. KO. 

1 

WATER 

S AS 

1 SULFATE ] 

i 1 

i 6 AS 

! 8CLFATE i 

1 (average) , 

S AS 
SULFATE 
IN' SOILS 

6 AS 
SULFATE 
OXIDIZED 
BT BOILS 

SrLFCR 
ADDED 
OXIDIZED 
BY SOILS 


per cent 

mg. 1 

' mg. 

m/7. 

mg. 1 

per cent 

1 


5.79 ' 

1 




2 

“ 1 

5.59 1 

1 5.69 

4.58 

1.11 i 

1.11 

3 


6.S9 1 





4 


7.01 1 

6.95 

4.58 

2.37 

2.37 

5 


7.95 ' 


[ 



' 6 

' « ' 

7.63 

7.79 

' 4.58 

3.21 i 

3.21 

7 


12.54 ■ 


1 



8 


12.77 ! 

i 12.65 

4.58 

1 8.07 

8.07 

9 

30.00 i 

1 ^^-^2 ; 

1 


1 

1 


10 

“ 

! 11.08 

1 11.25 

4.58 

6.67 

6.67 

11 





j 

1 

1 

12 


! 10.70 

10.75 

4.58 

6.17 

6.17 

13 


7.54 ! 

1 

1 

1 I 


14 


9.40 1 

8.47 

4.58 

i 3.89 

3.89 

15 


6.12 

! 


1 


16 


j 6.15 

6.13 

1 

4.58 

1 1.55 

1 

1.55 


TABLE X. 


LAB. 
NO. , 

1 

SOIL USED 

SAND USED 


1 SAS 

1 SULFATE 

(average) 

8 .KS 

' SULFATE 
IN SOILS 

1 S AS 

I SULFATE 
OXIDIZED 
BY SOILS 

1 SULTDE 

1 ADDED 
OXIDIZED 

1 BT SOIIB 

1 

gm. 

gm. 

I mg. 

mg. 

I 

mg. 

per cent 

1 1 

100 

— 

19.06 





2 

100 

— 

! 13.68 

16.37 

4.11 

12.26 

12.26 


90 

10 

20.34 



1 


4 ' 

90 

10 

21.32 

20.83 

3.70 

17.13 

17.13 

5 ' 

80 

20 

23.80 





6 ; 

80 

20 

22.35 

23.07 

3.29 

19.78 

19.78 

7 ' 

60 

40 

26.86 


! 



8 

60 

40 

26.36 

26.61 

2.47 

24.14 

24.14 

9 ! 

50 

50 

28.66 





10 

50 

50 

27.52 

28.09 

2.06 

26.03 

26.03 

11 

30 

70 

23.14 





12 ' 

30 

70 

22.13 

22.63 

1.23 

21.40 

21.40 

13 1 

20 

80 j 

19.10 



i 


14 1 

20 

80 

16.85 ! 

17.97 

0.82 

17.15 

17.15 

15 

10 

90 

12.48 


1 



16 

10 

90 

Lost 

12.48 

0.41 

12.07 

12.07 
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Series X. Effect of aeration. 

Air-dry soil and sand in varying proportions were weighed 
out in tumblers, sulfur was added to each, 10 cc. of an infusion 
of a fresh soil were introduced, and the moisture content was 
adjusted to the optimum, 25 per cent for the soil and 12 per 
cent for the sand. The samples were then incubated for ten 
days at room temperature, and the results secured upon their 
examination are recorded in Table X. 

It is evident that the mixing of sand with the soil in gradually 
increasing amounts brings about a gradual increase in sulfate 
production up to a mixture of 50 per cent soil and 50 per cent 
sand, over twice as much sulfate being formed in the latter case. 
Increasing the amount of sand and consequently diminishing 
the soil, however, beyond this point brings about a gradual 
decline in sulfate production. 

The effect of aeration in increasing sulfofioation in soils is thus 
definitel)'- shown. This increase was apparent up to the point 
where the humus content or the mineral matter content became 
a restricting factor of growth. 

Series XI. Effect of carbohijdrates. 

As has been noted, Brioux and Guerbet studied the influence 
of carbohydrates on the oxidation of sulfur, and found that sugar 
and starch appreciably retarded the oxidation, while peptone and 
other nitrogenous substances favored it. In this work three 
carbohydrates were used: saccharose, which is readily soluble; 
starch, which is partially soluble; and filtered paper, ground fine, 
which is soluble only to a very slight extent. Samples of fresh 
soil were weighed off as usual, sulfur was added, and varying 
quantities of the various materials were added. The moisture 
content of the samples was adjusted to the optimum, using an 
additional amount where the larger quantities of the organic 
matter were added. The sulfur present as sulfate in the soil 
was determined, and the total sulfates produced at the end of 
ten days’ incubation were ascertained. The plan of the tests 
and the results of the analyses are given in Table XL It will 
be noted that no results are given where the 3 and 5 gram quan- 
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titles of saccharose were added. This is due to the fact that 
the sulfates produced stimulated the transformation of the 
sugar into organic acids. The extract secured upon shaking the 
soil "ndth water for seven hours was consequently very dark in 
color, and when the barium chloride was added there was a large 
nrecipitation of barium salts of the organic acids. The 1 gram 
quantity of the sugar was not transformed sufficiently to inter- 


TABUE XI. 


son. 1 

KO. [ 

ADDITION 

1 

6 AS > 

SULP%.TE * 

1 

SAB 

SCLFATE 

(VVERAOE) 

1 S AS 

1 SULTATE 
IN' soil. 

8 AS 

1 SCLIATE 
OXIDIZED 
BT BOILS 

SOLI CR 

I added 
oxidized 

BT SOILS 




mg. 

mg. 

mg. 

pa- cent 

3 

1 gm. saccharose 

6.68 





4 

tt (t (t 

7.70 

7.19 

4.42 

2.77 

2.77 

5 

3 gm. saccharose 

— 


1 

1 

i 

6 

<C it « 

— 

— 

— 


i — 

7 

5 gm. saccharose 

— 


1 

1 


8 

(C i< tt 

— 

i 

— 

— 

— 

9 

1 gm. starch 

11.12 





10 

tt tt tt 

20.90 

16.01 

4.42 

11.59 

11.59 

11 

3 gm. starch 

10.09 





12 

(t tt tt 

17.39 

13 74 

4.42 

9.32 

9.32 

13 

5 gm. starch 

9.88 





14 

tt tt tt 

11.12 

10.50 

4.42 

6.08 

6.08 

15 

1 gm. filter paper 

28.19 





16 

tt tt tt 

26.78 

27.48 

4.42 

23 06 

23.06 

17 

3 gm. filter paper 

15.44 





18 

tt tt 'tt 

15.00 

15.22 

4.42 

10.80 

10.80 

19 

5 gm. filter paper 

12.32 





20 

tt ft tt 

12.40 

12.36 

4.42 

7.94 

7.94 

21 

Xothing 

38.30 





22 

ft 

38 30 

38 30 

4 42 

33.88 

33.88 


fere ivith the precipitation, and the results obtained showed a 
depression in sulfofication. The addition of starch likeivise 
depressed sulfofication; the larger the quantity added, the greater 
was the depression. Similarly with the additions of filter paper, 
the 1, 3, and 5 gram quantities all depressed the sulfofication, the 
largest amount giving the greatest depression in every case. It 
is interesting to note that the smallest amount of filter paper 
depressed the sulfofication only to a small extent, and that in 
nearh’^ every case the largest amount depressed it less than the 
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smallest amount of saccharose or starch. In every case, too, the 
saccharose depressed the oxidation of the sulfur more than did 
the starch. 

The results of these tests showed quite distinctly, therefore, that 
carbohydrates depressed the oxidation of sulfur, the larger the 
quantity the greater the depression. Furthermore, the soluble 
carbohydrates depressed the oxidation more than the insoluble. 
Thus, saccharose brought about the greatest retardation, the 
more insoluble starch caused a smaller retardation, and filter 
paper depressed to a still smaller degree. 

CONCLUSIONS. 

It is apparent from the results which have been discussed in 
the previous pages that the sulfofying power of soils may be deter- 
mined in the laboratory. The method devised consists in add- 
ing a sulfide, preferably sodium sulfide, or free sulfur to fresh 
soil, adjusting the moisture content to the optimum, and incu- 
bating for five to ten days at room temperature. At the end 
of that time the sulfates are leached out by shaking with water 
for seven hours, precipitated with barium chloride, and deter- 
mined by the use of the sulfur photometer. 

The oxidation of sulfides and free sulfur in the soil was brought 
about mainly bj'' bacterial agency. There was, however, a small 
chemical oxidation of the sulfides, NaiS, KsS, and CaS, in soil 
upon shaldng for seven hours with water. The extent of this 
oxidation varied with dilferent soils and sulfides, sodium sulfide 
showing the smallest change. There was practically no change 
in free sulfur upon shaking with water; hence this material is 
undoubtedly the best to use for sulfofication tests, although the 
incubation period must be continued for a longer time. 

The slight chemical oxidation of sulfides upon shaking with 
water leads to the conclusion that there may be some chemical 
oxidation of sulfides in the soil. Thus, Avhile the process of 
sulfofication is undoubtedly mainly bacterial, there may be sonic 
purely chemical action also. 

The sulfofying power varied with the treatment previously 
undergone by the soils. The use of manure and of green manure 
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on soils increased their sulfofjdng power, and in general it appeared 
that soils poor in organic matter were low in sulfofication. 

The water content of the soils also influenced the rate of oxida- 
tion of sulfur. Sulfofication was found to increase with increas- 
ing moisture until, the optimum, or 50 per cent of the amount 
necessarj"- for complete saturation, was reached. Bej'ond that 
point additions of water depressed sulfofication. This indicates 
that sulfofication maj*- occur to the optimum extent where mois- 
ture conditions are at the optimum for plant gron-th. 

Increasing the air content of the soil up to a certain point 
increased sulfofication : as mixing sand with soil up to 50 per cent 
of each increased sulfofication. Beyond that point a depression 
occurred, probably due to a lack of nutritive organic or mineral 
matter. 

Additions of carbohydrates were found to depress sulfofication, 
the larger the amounts, the greater the depression; the depression 
varidng also in the inverse ratio to the solubility of the carbo- 
hydrate material. 




DOES BUTTER-FAT CONTAIN NITROGEN AND 
PHOSPHORUS?^ 

Bt THOMAS B. OSBOBNE aih) ALFRED J. WAKEMAN. 

{From the Laboratory of the Connecticut Agricultural Experiment Station, 

New Haven.) 

(Received for publication, March 8, 1915.) 

The fact that butter-fat promotes the normal growth of young 
rats, under dietary conditions in which lard and some other fats 
fail to do this, has raised the interesting question: To what con- 
stituent of the butter-fat is this due? Every fact, therefore, 
which will in any way aid in the difficult research to determine the 
nature of this substance is of much value. If, for example, 
it can be shown that butter-oil contains no nitrogen or phosphorus, 
or if it does contain minute, but distinctlj’’ smaller, quantities 
of these elements, than does the less potent butter-faV we can 
exclude from the list of possibilities all those substances which 
contain either nitrogen or phosphorus. Osborne and hlendeP 
have stated that they had been unable to find nitrogen or phos- 
phorus in the butter-fat used in their feeding experiments, and 
concluded that the growth-promoting constituent did not con- 
tain these elements. McCollum and Davis’ have questioned 
the absence of phosphorus and nitrogen from this fat, and say 
that McCollum^ had been able nearly to free butter-fat from 
phosphorus only by washing with dilute hydrochloric acid. 

After careful determinations made in this laboratory had 
failed to detect either nitrogen or phosphorus in our samples of 
butter-fat, we asked Dr. Otto Folin to check our negative results 
for nitrogen. This he kindly did and reported that: “I get a 

* The expenses of this investigation were shared by the Connecticut 
Agricultural Experiment Station and the Carnegie Institution of Wash- 
ington, D. C. 

’ T. B. Osborne and L. B. hlendel: this Journal, xx, p. 3S2, 1915. 

’ E. V. McCollum and M. Daids: ibid., xix, p. 250, 1914. 

*E. V. McCollum: Am. Jour. Physiol., xxv, p. 120, 1909-10. 
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slight trace of nitrogen, O.I to 0.2 mg. from 10 grams of sub- 
stance. This amount is sp small as to be practicall}^ nil, espcciallv 
as I am not prepared to say that a part of it did not get in with 
the reagents. I should not hesitate to call 3 ’-our purified butter 
nitrogen-free.” Reccntlj^ Funk and INIacallunT have stated 
that thej’’ succeeded in obtaining nitrogen from centrifugated 
butter-fat. The amount found, if we understand them cor- 
i-ec%, was equal to 31 mg. (16.8 14.0 mg.) from 12 kg, 

of butter, or 0.0003 per cent. Since this quantity is so small 
we consider that Funk and Macallum have demonstrated that 
butter-fat is practically free from nitrogen, and that definite 
conclusions cannot be drawn from the results of feeding experi- 
ments conducted under such conditions as are now possible, which 
are based on quantities of this order. 

Dr. W. J. Gies, who has had a wide experience in determining 
phosphorus in organic substances, likewise offered to examine 
the butter-fat for traces of this element. He reported that: 
“Entirely negative results were obtained with quantities below 
10 grams. Above that amount enough phosphorus was precipi- 
tated for gravimetric determination, although the yield of pyro- 
phosphate was so small that the percentage figures show that 
only traces of phosphorus were present.” From 21.3 grams of 
the butter-fat he obtained only 0.0038 gram of magnesium pyro- 
phosphate, equal to 0.0049 per cent of phosphorus in the butter-fat. 

It has been showm® that at least one-half of the butter-fat 
can be separated in the form of a solid fraction by crystalliza- 
tion from alcohol, and that this fraction entirely lacks the growth- 
pi'omoting property, whereas the more soluble liquid fraction 
retains this property in a high degree. We accordingly have 
examined this potent liquid fraction, the “butter-oil,” for phos- 
phorus, with the idea that we should find more phosphorus in 
it than in the butter-fat, if the growth-promoting substance 
contains this element. 

The butter-oil urns prepared by saturating absolute alcohol 
at 40° w'ith butter-fat which had previously been melted and 
centrifugated at high speed until perfectlj’- clear. The solution 
was then cooled to —20° and filtered rapidl}^ on a cold Buchner 

^ C. Funk and A. B. Macallum; Z/sc/ir. /. ■physiol. Chem., -xcii, p. 13, 1914. 

Osborne and Mendel: loc. cil. 
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funnel and the filtrate concentrated in vacuo at 40° until the 
alcohol was entirely removed. Of this butter-oil 44.14 grams 
were dmded among nine ordinary Kjeldahl nitrogen flasks 
and o.vidized b}" boiling uith sulphuric acid to which powdered 
ammonium nitrate was added from time to time. For this 
operation 440 cc. of sulphuric acid and 120 grams of ammonium 
nitrate were required. After the butter-oil was oxidized the 
solutions were brought together into one flask and concentrated 
to a volume of about 15 cc. On cooling, the residual solution 
solidified. The residue was dissolved in hot water, neutralized 
with ammonia, then acidified with nitric acid, 15 grams of ammon- 
ium nitrate were added, and 20 cc. of molj^bdic solution. After 
digesting for several hours at 65° the small precipitate of phos- 
phomolybdate was filtered out, converted into ammonium mag- 
nesium phosphate and weighed, as pyrophosphate, after stand- 
ing forty hours. The amount was 12.5 mg., equal to 0.35 
mg. of phosphorus. 

Since a part of this phosphorus might have come from the re- 
agents, a blank was run with the same quantities and under the 
same conditions. The magnesium pjwophosphate obtained was 
equal to 0.084 mg. of phosphorus. Deducting this we have 
0.266 mg. of phosphorus from the 44.14 grams of butter-oil 
or 0.0006 per cent. Dr. Isidor Greenwald also kindly offered 
to determine phosphorus in this sample of butter-oil, using the 
method of Pouget and Chouchak.' He reported finding in duplicate 
determinations 0.000738 and 0.000726 per cent of phosphorus, 
results in close agreement with our own. 

From these results we find that this sample of butter-oil con- 
tained at the most onb’’ one-sixth as much phosphorus as Dr. 
Gies found in the entire butter-fat, a quantity so small that it 
maj^ have been due to an accidental contamination of the re- 
agents. Since the grovlh-promoting substance is concentrated 
in the butter-oil we conclude from these experiments that if 
it does contain phosphorus or nitrogen, it is present in such 
minute amount as to make its isolation impossible. In view 
of the fact that butter contains about 15 per cent of butter-milk, 
which is rich in both phosphorus and nitrogen, it is far more 

• I. Pouget and D. Chouchak: Bull. soc. chun., series 1, v, p. 104, 1909; 
ix, p. 649, 1911. 
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probable that the traces of these elements which have been de- 
tected in the butter-fat are derived from that source. In fact 
it is surprising that so simple a process as centrifugation should 
remove the butter-milk so completely. 



STUDIES ON THE PHYSIOLOGY OF REPRODUCTION IN 
THE DOMESTIC FOWL. 

YTTT . OK THE FAILURE OF EXTRACT OF PITUITARY BODY 
(ANTERIOR LOBE) TO ACTIVATE THE RESTING OVARY, 

Bt RAYMOND PEARL and FRANIi! M. SURFACE. 

(Prom the Biological Laboratory of the Maine Agricultural Experiment 
Station, Orono. Paper No. 8S.) 

(Received for publication, March 22, 1915.) 

In an earlier paper we* have shown that the substance of the 
corpora lutea of the cow has the power to inhibit ovulation in 
an actively laying fowl. The next step in a biochemical analysis 
of the physiology of ovulation is clearly to determine, if possible, 
whether there is any chemical substance which will activate 
the resting ovary. If such a substance can be found we shall 
then have in hand the main features for the complete chemical 
control of the process of ovulation in the fowl. With such an 
activator it should then be possible to start and stop a hen's 
egg-laying activities at wiU. 

It seemed to us that the most promising place to look, at the 
outstart, for a chemical activator of the resting ovary, would 
be in a secretion of some endocrinal gland. On the whole the 
most likely gland with which to begin the e.xperiments seemed 
to be the pars anterior of the pituitary bod}'. The connection 
of this gland with the genital organs has been well established.- 
The general effect of its secretion upon the gonads would appear 
from the work particularly of Aschner,^ Goetsch and Cushing,^ 


‘ R. Pearl and F. M. Surface : this Journal, xix, pp. 203-278, 1914. 

’ S. Vincent ; Internal Secretion and the Ductless Glands, London, 1912. 
* B. Aschner; Arch. f. d. ges. Physiol., cxlvi, pp. 1-146, 1912. 

< E. Goetsch and H. Cushing; Proc. Soc. Exper. Biol, and Med., .\i, 
pp. 26-27, 1913. 
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and Adler® clearly to be in the direction of activation or stimula- 
tion. Accordingly the substance of tliis gland was chosen as 
the point of departure in the present work. 

The only long continued and certain period of rest of the ovary 
in the domestic fowl is that associated with the autumn moult 
of adult birds. The periods of rest intervening between laying 
cycles of shorter or longer duration are of too uncertain length 
to be of any critical use in studies like the present one. In many 
cases during these minor cyclical periods of rest, as indicated 
by absence of egg production, the ovary does not actually come 
into anything like a condition of physiological rest. It is only 
producing yolk at a very much reduced rate. This is very'- clearly' 
shown in curves made by a new method® of measuring rate of 
fecundity in the individual, and has been discussed in earlier 
papers from this laboratory by the present writers’ and Curtis.® 

On the other hand Gerhartz® has shown by direct metabolism 
measurements that the period of moult is a period of very pro- 
found physiological depression of the whole organism. Here 
we are dealing with a condition of true physiological rest. Accord- 
ingly this is the period which has been chosen for the present 
study. The birds used were Avell along in moult; that is, the 
shedding of the old and the growth of the new feathers were 
well started. But, in the ordinary course of events, these birds 
would not, in most instances, have laid any eggs until at least 
One to two months later. If then laying should promptly follow 
the injection of pituitary substance in such cases it could be safely 
concluded that it was because of the injection. No really criti- 
cal results could be obtained with hens at other times in the yenr, 
since if a non-laying hen, in a pseudo-rest period between cycles, 
began to lay immediately after injection, one could not assert 
that she would not have done the same in the absence of any' 
injection whatever. 

' L. Adler: Arch. f. Entwcklngsmechn. d. Organ., xxxix, pp. 21-45, 1014. 

' R. Pearl: Science, xl, pp. 383-384, 1914. 

^ Pearl and Surface: U. S. Department of Agriculture, Bureau of Animal 
Industry, Bull. 110, pt. ii, 1911. 

* M. R. Curtis: Arch. f. Enliocklngstncchn. d. Organ., xxxix, pp. 217-327, 
1914. 

'H. Gerhartz: Arch. f. d. ges. Physiol., clvi, pp. 1-224, 1914. 
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EXPERIMENTAI.. 

The pituitary substance used in these experiments was ob- 
tained from the Organotherapeutic Laboratorj" of Armour and 
Company, in Chicago. Two different lots of the substance were 
used. One, here called A, was obtained in November 1913, 
and was approximatelj’’ a j'ear old when used. The other, here 
called B, was obtained early in No%'ember 1914, through the 
kindness of Dr. Frederic Fenger, to whom we are greatlj' indebted 
for the painstaking care used in the preparation of this and other 
organ substances for use in our experiments, and was used when 
less than one month old, counting from the living animal. 

The method of collecting and preparing the glands was as 
follows:’” 

“The pituitary bodies were removed from the animals immedi- 
ately after slaughtering and chilled. The glands were carefully 
freed from all adhering connective tissue and the posterior lobes 
with the infundibular stalk dissected out. The anterior lobes 
were then rinsed with water to remove blood and possible traces 
of posterior secretion, finelj^ minced and dried. The desicca- 
tion was carried on at about 35°C., until approximately 80 per 
cent of the moisture had been driven off. The temperature 
was then gradually raised to about 50° C., which is well below 
the coagulating temperature of the proteids. 

“The desiccated material was coarsely ground and extracted 
with petroleum ether in a Soxhlet Extractor. The desiccated 
fat-free material was then ground in a steel tube miU to pass an 
80 mesh sieve.” 

The birds used were all normal, healthy, yearling fowls, in the 
process of moulting at the end of their first or pullet lajdng year. 

The experimental results are shown in the following tables. 

But little comment on these tables is necessary so far as con- 
cerns the main point here under consideration. It is clear that 
the pitiatary body substance induced no activation of the completely 
resting ovary. On the contrarj’’, what influence it had on the 
ovary was apparently in the direction of lengthening somewhat 
the rest period, but with so few birds a definite conclusion on this 
point is impossible. That a positive activating effect did not 

’“F. Fenger; Personal communication, Nov. 11, 1914. 
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follow the injection may however be concluded with entire 
certainty. 

The immediate effect of the pituitary substance was to induce 
rapid and difficult breathing during the first twent 3 ^-four hours 
after the injection. This effect was most marked in Series 11 
where the fresh substance was used. All of the birds in this 
series were plainly ill on the day following the injection, and one 
(8076) died. The. immediate effects were in proportion to the 
size of the dose. Undoubtedly there were associated blood 
pressure effects but no attempt was made to measure these. 

Bird No. 1424 (Series III) was killed and autopsied a week 
after the last injection to determine, by direct examination of 
the ovary, whether anything like a process of activation was 
going on. 

Autopsy Record: Bird No. 1424. Killed by bleeding, 3 p.in., 
Nov. 12, 1914. 

Bird entirely normal. No trace of peritonitis. The injected 
pituitary substance was found in small lumps scattered about 
among the viscera, walled off by peritoneum, and undergoing 
absorption. Ovary and oviduct entirely normal but completely 
in dormant or inactive condition. Ovary had a few old absorb- 
ing yolks, of small size (smaller than a pea). These probably 
date baek to the cessation of laying. Oviduct inactive. No 
trace of peritonitis. Heart, spleen, kidneys normal. 

Bird No. 133 was Idlled and autopsied Dec. 15, 1914, after she 
had begun to lay. Small masses of hard material were found 
scattered about the peritoneum, and undoubtedly represented 
the final remains of the pituitary substance in process of al)- 
sorption. 

In the case of the birds marked "Operated” in the tables, the 
abdominal cavity was opened under ether anesthesia on tlie 
date mentioned, the ovary examined, and a portion of it removed. 
In every case except one the ovary was in complete resting con- 
dition at the date of operation. In the exceptional case (bird 
No. 165) the ovary was in laying condition and the bird w'ould 
have produced an egg within a few days if no operative dis- 
turbance had intervened. The time in the case had, however, 
been too long to think of activation having resulted from the 
injection. The extensive studies on the function of egg produc- 
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tion in poultiy which have been carried out in this laboratory 
would indicate that if one is to conclude, with any critical safety, 
that activation of the ovary has resulted from the administration 
of any particular chemical substance, this activation must show 
clear evidence of itself within a period, at the outside, of fourteen 
or fifteen days after its administration. 

CONCLUSION. 

From the evidence presented in this paper it appears to be 
clearly established that the substance of the anterior lobe of the 
pituitary body of the cow, when injected into the abdominal 
cavity of hens in which the ovary is in a completely resting con- 
dition, does not cause an activation of the ovary, in the sense 
of inducing ovulation at an earlier date than that at which it 
would normally occur. 




THE QUATERNARY SALTS OF HEXAMETHYLENE- 
TETRAMINE. 


ni. MOKOHALOGENACYLATED AROMATIC AMINES AND THEIR 
HEXAMETHYLENETETRAMINIUM SALTS.* 

Br WALTER A. JACOBS and MICHAEL HEIDELBERGER. 

(From the Laboratories of The Rockefeller Institute for Medical Research, 

New York.) 

(Received for publication, March 29, 1915.) 

In the second of this series of papers we have described a num- 
ber of compounds obtained from the halogenacetyl derivatives 
of various benzylamines. The present paper will deal with 
those obtained from the halogenacetyl derivatives of aromatic 
amines in which the amino group is situated directly on the 
nucleus. The scope of the work and the great variety of amino 
compounds employed demonstrate how practicallj’’ limitless in 
this direction is the development of hexamethylenetetraminium 
salts. 

As described in greater detail in the first paper, the addition 
of the halogen compound to hexamethjdenetetramine was accom- 
plished by the use of molecular equivalents of the constituents in a 
small volume of drj’-, boihng chloroform. Unless otherwise stated 
the products separated during the reaction and were filtered off and 
washed well with drj'’ chloroform and dry acetone. Purity of the 
final product is assured by the use of pure materials. Otherwise 
it is, as a rule, difficult or impossible to recrystallize the salts 
without danger of decomposition. These substances are usuaUj’- 
readily soluble in water, in which, particularlj’- on boiling, the3^ 
decompose with separation of precipitates. These, on purifica- 
tion, proved to be the methjdeneglj’-cjd derivatives of the amines 
emploj’’ed. A description of these substances and a discussion 
of their significance is reserved for a later communication. 

‘For parts I and II ot this series see this Journal, xx, pp. 659 and 
6S5, 1915. 



104 Salts of Hexamethylenetetramine 

In the course of the work occasion arose for the preparation 
of new intermediate products which will be described at length 
in the experimental part, 

EXPERIMENTAL. 

The method most frequently used for the chloroacetylation 
was as follows: One molecular equivalent of the base was dis- 
solved in toluene or benzene. To the solution was added an e-x- 
cess of two-normal sodium hydroxide solution, and then, drop by 
drop, with cooling and vigorous shaldng, a solution of one and one- 
quarter molecules of chloroacetyl chloride in about two volumes 
of dry benzene. On short standing, the chloroacetyl derivative 
usually crystallized out, the precipitation being facilitated in a 
number of cases b.y the addition of ligi-oin. In dealing with the 
more soluble and more easily accessible amines, two molecules 
of base to one of chloride were used, thus dispensing with the 
need of the aqueous alkali solution. Important deviations 
from the above method are indicated as they occur. 

Chloroaceiylaniline and hexamethylenetetramine . Equimolecukr 
quantities of the components ivere boiled in dry chloroform solu- 
tion for one-half hour. The salt separated on chilling and scratch- 
ing, and was obtained in practically quantitative 3 deld on com- 
pleting the precipitation with an equal volume of dry acetone. 
It forms glistening micro-crystals, readily soluble in the cold 
in water and absolute alcohol. It darkens at 155° and melts 
with decomposition at 158'9°. 

0.2987 gm. of substance required 9.6 cc. AgNOs Solution I." 

Calculated for CiJIzoONtCl: Cl = 11.45 per cent. 

Found: Cl = 11.31 per cent. 

Bromoacetylaniline and hexamethylenetetramine. The solution 
of the components in boiling chloroform soon set to a solid cake. 
Heated in a capillary tube, the salt first darkens, then melts 
at 163° with decomposition. It is less soluble than the chloride. 

0.2043 gm. of substance required S.S cc. AgNOj Solution I. 

Calculated for CnHsoONeBr; Br = 22.55 per cent. 

Found; Br == 22.52 per cent. 


= 1 cc. = 0.00352 gm. Cl; 0.00793 gm. Br; 0.01259 gm. I. 
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Chloroacetylmethylaniline was found to have the melting 
point given b}'- Grothe^ (70°), and not that recorded bj" Kuhara 
and Chikashig6^ (61°) or Bischoff® (48°). 

Chloroacetylmethylaniline and hexamethyienetetramine. The chlo- 
roform solution was evaporated to small bulk after two hours’ 
boiling, and the salt precipitated bj*^ adding dry acetone. Three 
extractions of one hour each with boiling, dry acetone were found 
necessaiy to remove the chloroform of ciy’stallization from the 
product. It melts at 168-73° with gas evolution, and is easily 
soluble in chloroform and alcohol. It is e.xtremel}’' soluble in 
water. 

0.19S4 gra. of substance required 6.3 cc. -AgNO, Solution I. 

Calculated for CisHjjOXsCl; Cl = 10.96 per cent. 

Found: Cl = 11.18 per cent. 

Chloroacetyldiphenylamine^ and hexamethylenetetramine. The 
salt, as prepared in chloroform solution, forms hair-like needles, 
decomposing at 158-61°, and retaining a molecule of chloro- 
form of crystallization even at 100° in vacuo. 

0.2037 gm. of substance required 4.01 cc, AgNOj Solution I. 

Calculated for CjoH-.ONjCl CHCl,: Cl = 7.02 per cent. 

Found: Cl = 6.93 per cent. 

An attempt to remove the chloroform by boiling the salt with 
dry acetone led to the substitution of two molecules of acetone 
for the molecule of chloroform, the resulting product decom- 
posing at 151-62°. 

0.2075 gm. of substance required 4.12 cc. AgNOj Solution I. 

Calculated for CjoHjiONsCl 2 CHjCOCH 3 : Cl = 7.07 per cent. 

Found: Cl = 6.99 per cent. 

This conclusion was confirmed by the absence of the odor 
of chloroform on dissohdng the substance in water, and b 3 ^ the 
fact that the distillate from the aqueous solution yielded a copious 
precipitate of iodoform, negative results being obtained on con- 

*W. Grothe: Chem. Zenlralbl., Ixxi, pt. ii, p. 1268, 1900. 

* M. Kuhara and M. Chikashig5: Am. Chem. Jour., xxvii, p. 1, 1902. 

^ C, A. Bisclioff: Ber. d. deutsch. chem. Gesellsch., xxxiv, p. 2125, 1901. 

‘H. Frerichs: Chem. Zenlralbl., Ijudv, pt. ii, pp. 103-4, 1903. 
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trols run with chloroform and the hexamethjdenetetraminium 
salt of chloroacetylaniline. 

CMoroacetylphemjlglydnanilide. The benzene layer from the 
chloroacetylation of the base was evaporated to a syrup in vacuo 
water added, and the remaining benzene removed by further dis- 
tillation. The water was poured off from the tarry residue, which 
was taken up in alcohol and made to crystallize by the cautious 
addition of water. Yield: poor. The substance was recrystal- 
lized twice from 95 per cent alcohol, then twice from benzene, 
from which it separates wth benzene of crystallization. This is 
given off very slowly in vacuo at room temperature. After finally 
heating at 100°, the compound melts at 118-20° (corrected) 
with preliminary softening. It is readilj’- soluble in chloroform, 
difficultly in ether. 

0.1461 gm. of substance (Kjeldahl) required 9.45 cc. ry HCl. 

0.2010 gm. of substance^ required 12.50 cc. AgNOj Solution II.® 

Calculated for C 10 H 16 O 2 N 2 CI: N = 9.26 per cent; Cl == 11.72 per cent. 

Found: N = 9.06 per cent; Cl = 11.57 per cent. 

Chloroacelylphenylglycinanilide and hexamethylenetetramine, 
The presence of a little chloroform in the salt, even after dr}dng 
to constant weight in vacuo at the temperature of boiling alcohol 
over sulphuric acid, was recognized by its swumming about, on 
solution in water, and by the odor evolved in so doing. The salt 
melts at 157-8°. 

0.1939 gm. of substance required 7.83 cc. AgNOs Solution II. 

Calculated for 022112702^001: Cl = 8.10 per cent. 

Found: Cl = 7.51 per cent. 

Chloroacetyl-a-anilinoacelophenone. 6.8 grams of anilinoacc- 
tophenone (phenacylaniline) were suspended in about 25 cc. of 
benzene and 3.8 grams of chloroacetyl chloride added. After 
the first evolution of heat, the mhxture wms w'armed on the wmter 
bath for two hours, hydrochloric acid being evolved. On cool- 
ing, a small residue was filtered off, and the filtrate treated with 
ligroin, precipitating an oil wffiich rapidly solidified. This was 
recrj’-stallized from dilute alcohol, forming prisms wdth a slight 

’ H 3 'drolysis with alcoholic sodium hydroxide. 

* 8 1 cc. = 0.00186 gm. Cl; 0.004192 gm. Br. 
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greenish yellow tinge and melting at 116-7.5°. Yield; 7.3 
grams. Recrystallized again from methyl alcohol, the substance 
forms practically colorless, hexagonal plates, melting at 117-8° 
(corrected) with slight softening at 116.5°. It is difficultly solu- 
ble in cold methyl alcohol and dry ether. 

0.3579 gm. of substance (Kjeldahl) required 12.45 cc. HCl. 

Calculated for CibHhOsNCI: N = 4.87 per cent. 

Found: N = 4.87 per cent. 

Chloroacetyl-O}~anilinoacetophenone and hexamethylenetetramine. 
The salt is somewhat soluble in chloroform, easily in water and 
absolute alcohol, and melts with decomposition at 169-9.5°. 

0.2246 gm. of substance required 5.41 cc. AgNOa Solution I. 

Calculated for CaaHijOaNtCl: Cl = 8.29 per cent. 

Found: Cl = 8.48 per cent. 

Chloroacetyl-o-toluidine and hexamethylenetetramine. The salt 
melts with decomposition at 148-9° and is easily soluble in water. 

0.3189 gm. of substance required 9.85 cc. AgNO: Solution I. 

Calculated for CiaHiaONjCl: Cl = 10.96 per cent. 

Found: Cl = 10.87 per cent. 

Bromoacetyl-oi-o-toluidinoacetophenone. 14.6 grams of phen- 
acyl-o-toluidine were dissolved in about 100 cc. of benzene and 
15 grams of bromoacetyl bromide added. The reaction occurred 
at once with separation of the hydrobromide of the base. On 
boiling for three-quarters of an hour, hydrobromic acid was 
evolved and a clear solution obtained. About two-thirds of the 
benzene were then removed and the bromoacetyl derivative was 
precipitated by the addition of ligroin to the warm solution. 
After recrystallization from 85 per cent alcohol it formed thick, 
diamond-shaped plates melting at 107-7.5°. Yield; 17.3 grams. 
The compound is extremely soluble in chloroform, less so in 
benzene, and difficultly in ether. 

0.3361 gm. of substance (Kjeldahl) required 9.9 cc. ^ HCl. 

Calculated for CuHieOzNBr: N = 4.05 per cent. 

Found: N = 4.13 per cent. 

Bromoacetyl-o}-o-toluidinoacelophenone and hexamethylenetetra- 
mine. On heating a chloroform solution of the components to 
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boiling, the reaction proceeded spontaneous!}'- with formation 
of a clear solution. After one-half hour’s heating, a small amount 
of what was probabl}'- hexamethylenetetraminium bromide was 
filtered off and an equal volume of dry acetone added. The 
salt was then precipitated as a caseous mass by means of dj}’ 
ether, becoming crystalline on rubbing. It was purified by 
warming with dry acetone, in which it proved to be insoluble 
when once crystalline. The salt melts with decomposition at 
175-6° and is difficult!}'- soluble in water and chloroform. 

0.2017 gm. of substance required 4.24 cc. AgNOj Solution I. 

Calculated for C 23 H 2802 N 5 Br: Br = 16.43 per cent. 

Found: Br = 16.68 per cent. 

Chloroacetyl-w-toluidine was prepared from ?n-toluidine in 
toluene, normal potassium hydroxide solution, and chloroacctyl 
chloride. The compound separated in good yield on adding 
ligroin and cooling. Whereas Kuhara and Chikashigd-* give 
141° as the melting point, our preparation, after recrystalliza- 
tion first from dilute alcohol then toluene, melted at 90-1.5° 
(corrected). 

0.2550 gm. of substance (Kjeldahl) required 13.80 cc. HCl. 

Calculated for CoHioONCl: N = 7.63 per cent. 

Found; N = 7.58 per cent. 

Chloroacetyl-m-tohddine and hexamethylenelelr amine. After 
short boiling, the chloroform solution of the components suddenly 
set to a solid cake. This was disintegrated and boiled for ton 
minutes longer with a little moi-e dry chloroform. The salt 
darkens above 170° and melts at 173-4°. It is very soluble in 
water. 

0.1622 gm. of substance required 9.10 cc. AgNOz Solution II. . 

Calculated for C 15 H 22 ON 6 CI; Cl = 10.96 per cent. 

Found: Cl = 10.43 per cent. 

Chloroaceiyl-p-tohndine and hexamethylenetetramine. As ob- 
tained from chloroform solution, the salt was not entirely soluble 
in water. It was purified by boiling with dry acetone, where- 
upon it dissolved completely, although rather difficultly, in 
water. It melts at 176-8° with decomposition. 



W. A. Jacobs and M. Heidelberger 


109 


0.2744 gm. of substance required 8.36 cc. AgNOj Solution I. 

Calculated for C 15 H 52 ON 5 CI: Cl = 10.96 per cent. 

Found: Cl = 10.72 per cent. 

Chloroacetxjl~m-4-xylidine^ and hexamethylenetetramine. The 
salt forms silky needles, melting at 171-2°. 

0.2170 gm. of substance required 6.3 cc. AgICOj Solution I. 

Calculated for C'eHnON’jCI: Cl = 10.52 per cent. 

Found: Cl = 10.22 per cent. 

Chloroacetyl-xlf-cumidine* and hexamethylenetetramine. The salt 
separated from chloroform in fine needles, and was purified by 
boiling with hot ethyl acetate. It melts with decomposition 
at 170-1° and is easily soluble in water and alcohol. 

0.2183 gm. of substance required 6.14 cc. AgXOj Solution I. 

Calculated for CitHmON’sCI: Cl = 10.08 per cent. 

Found: Cl = 9.90 per cent. 

Chloroocetyl-a-naphthylamine and hexamethylenetetramine. On 
adding several volumes of drj’- acetone to the chloroform reaction 
mixture, the salt separated after a few moments in rosettes of 
needles, melting at 164-6° with decomposition and dilficultlj’- 
soluble in water. 

0.2849 gm. of substance required 7.97 cc. AgXOj Solution I. 

Calculated for CisHjiONjCl: Cl = 9.86 per cent. 

Found: Cl = 9.85 per cent. 

Chloroacetyl-P-naphthylamine^ and hexamethylenetetramine. The 
salt melts at 177-8° with decomposition and is difficultly soluble 
in water. 

0.2612 gm. of substance required 7.15 cc. AgNOj Solution I. 

Calculated for CigHjjOiysCl: Cl = 9.86 per cent. 

Found: Cl = 9.64 per cent. 

Chloroacetyl-o-chloroaniline was prepared b 3 " Schwalbe, Schulz, 
and Jochheim*® by two methods differing from the one outlined 

®T. B. Johnson and W. K. IValbridge: Jour. Am. Chem. Soc., xsv, 
p. 483, 1903. 

C. G. Schwalbe, W. Schulz, and H. Jochheim: Ber. d. deutsch. chem. 
Gesellsch., xli, p. 3791, 1908. 
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above. After chloroacetylation, the toluene layer vas washed 
successively with dilute hydrochloric acid, water, dilute sodium 
hydroxide, and water, and evaporated to small bulk. The sub- 
stance separated as glistening needles after the addition of ligroin. 
Recrystallized from benzene, it softens at 71.5° and melts at 
73.5-4,° (corrected). The above mentioned authors give 67° 
as the melting point. 

Chloroacetyl-o-chloroaniline and hexamethylenetetramine. The 
salt separates from the boiling chloroform solution in the form 
of glistening hairs. It melts with decomposition at 158-60° and 
is somewhat diflScultly soluble in water. 

0.1722 gm. of substance required 9.37 cc. AgNOs Solution II. 

Calculated for ChHisONsCI*: C1“ = 10.30 per cent. 

Found: Cl“ = 10.12 per cent. 

p-Bromochloroacet 3 daniline. This was prepared by Frericlis^ 
from p-bromoaniline. We have found that the substance is 
easily obtained by treating a solution of chloroacetylaniline in 
acetic acid drop by drop with one molecular equivalent of bromine 
dissolved in acetic acid. The bromo derivative separates out 
in part on standing, and is more completely precipitated on 
dilution of the solvent with water. After recr 3 ''stallizatlon from 
acetic acid or dilute alcohol, it conforms to the description given 
b}’' Frerichs, 

p-Bromochloroacetylaniline and hexamethylenetetramine. In or- 
der to obtain a product entirely soluble in water, it was neces- 
sary to boil out the crude salt with a fresh portion of chloroform. 
It forms prismatic needles containing chloroform of crystalliza- 
tion, a part of which is retained even on drying to constant weight 
in vacuo at the temperature of boiling alcohol over sulphuric 
acid, or on boiling out with dry acetone. 

0.1783 gm. of substance (Kjeld.ahl) required 20.54 cc. HCl. 

0.2476 gm. of substance required 5.59 cc. AgNOj Solution I. 

Calculated for CnHiDONsClBr iCHCh: N = 16.05 per cent; Cl = S.13%. 

Found; N = 10.13 per cent; Cl = 7.95^- 

The original ciystals apparcntl}’- contained 5 CHCI3, as a por- 
tion, dried bettvecn filter papers, lost 9.47 per cent on drying 
to constant weight as above. Calculated for -ICHCh: Loss = 
9.87 per cent. 
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2, 4, 6-TribromochluroacetyJaniline. 9 grams of tribromoaniline 
and 2.7 cc. of chloroacetjd chloride were heated in about 100 cc. 
of toluene in an oil bath at 110-20® for about four hours. On 
cooling, the deposit of needles was filtered off and recrystallized 
from xylene. Yield: 8.5 grams. The substance melts at 221- 
2° (corrected) with partial decomposition, and is difficultly solu- 
ble, in the cold, in the usual solvents. 

0.3350 gm. of substance (Kjeldahl) required S.l cc. HCI. 

Calculated for CsHsONClBrj: N = 3.45 per cent. 

Found: K = 3.39 per cent. 

An attempt to prepare the hexameth 3 denetetraniinium salt 
resulted only in the isolation of a product consisting largely’' of 
hexamethylenetetraminium chloride. 

m-Iodochloroacetylaniline. The substance separated from the 
toluene solution when prepared as described in the introduction. 
It forms slender, felted needles, which, when recrj'stallized first 
from dilute alcohol, then toluene, melt at 121.5-2.5° (corrected). 
It is fairly readil 3 ’’ soluble in cold absolute alcohol, benzene, and 
chloroform. 

0.3534 gm. of substance (Kjeldahl) required 12.05 cc. HCI. 

Calculated for CsHtONCH: N = 4.74 per cent. 

Found: K = 4.77 per cent. 

m-Iodochloroaceiylaniline and hexamethylenetetramine. The salt 
turns greenish above 170° and melts with decomposition at 175°. 
It is difficulty soluble in water, 

0.1922 gm. of substance required 8.0S cc. AgXOj Solution II. 

Calculated for CuHijONsClI: Cl = 8.14 per cent. 

Found: Cl = 7.82 per cent. 

o-Iodochloroacelyl-o-toluidine. This was prepared from 5-iodo- 
2-toluidine^^ similarly to the above aniline derivative. Recr 3 'S- 
tallized first from dilute alcohol, then from chloroform, it forms 
glistening needles melting at 161.5-2.5° (corrected) with slight 
preliminary softening. It is more soluble in the cold in eth 3 'l 
acetate, absolute alcohol, and acetone than in the other usual 
organic solvents. 

“ H. L. Wheeler and L. M. Liddle: Am. Chem. Jour., xlii, p. 501, 1909 
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0.3185 gm. of substance (Kjeldahl) required 10.20 cc. HCI. 

Calculated for CgHoONCII: N = 4.53 per cent. 

Found: N = 4.48 per cent. 

S-Iodochloroacetyl-o-toluidine and hexamethylenetetramine. Com- 
bination of the components in boiling chloroform proceeded slowlj-. 
The salt forms minute, flat prisms which melt with decomposition 
at 190-2° and are rather difficultly soluble in water. 

0.2045 gm. of substance required 8.37 cc. AgNOj Solution II. 

Calculated for CuHsiONsClI: Cl = 7.89 per cent. 

Found: Cl = 7.61 per cent. 

m-Nitrochloroacetylaniline^^ and hexamethylenetetramine. The 
pale yellow salt melts at 162-3°. 

0.2264 gm. of substance required 6.3 cc. AgNOs Solution I. 

Calculated for Ci^HisOjNcCl: Cl = 10.00 per cent. 

Found: Cl = 9.8 per cent. 

p-Niirochloroacettjlaniline. 24 grams of commercial ?;-nitran- 
iline were dissolved in commercial acetone and filtered from 
impurities. 7.4 cc. of chloroacetyl chloride were then slowly 
added, with stirring and cooling. Without removing the pre- 
cipitated hydrochloride, dilute hydrochloric acid was added 
in excess, and then, to the resulting clear solution, hot water 
until crystallization started. On cooling rapidly, the chloroacetyl 
derivative separated in glistening crystals. Yield; about 90 
per cent of the theory. Recrystallized from acetic acid, it forms 
pale brownish yellow prisms which melt at 182-4° with prelimi- 
nary softening, Deutsch'* describes the substance as sintering 
above 124° and melting at 152°. 

0.4770 gm. of substance (Kjeldahl) required 43.95 cc. HCI. 

Calculated for CsHtOsNzCI; N = 13.06 per cent. 

Found: N = 12.90 per cent. 

m-Nitrochloroacettjl-'p-tokiidine and hexaynethylenelelr amine. The 
pale yellow salt melts with decomposition at 163-4° and turns 
bright yellow when added to water, dissolving slowly and giving 
a yellow solution. The salt is also somewhat soluble in alcohol. 

T. B. Johnson and W. B. Cramer: Jour. Am. Chem. Soc., xxv, p. 490, 

1903. 

”E. Deutsch: Jour. f. prakl. Chon., l.vxvi, p. 300, 1907. 
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0.2368 gm. of substance required 6.49 cc. AgNOj Solution I. 

Calculated for CisHnOjNtCl; Cl = 9.59 per cent. 

Found: Cl = 9.65 per cent. 

m-ChIoroacetyla7ninodimethylaniline. GroU’s’^ method for the 
preparation of m-nitrodimethylaniline proved to be verj>' unsat- 
isfactor}^, the p-isomer being obtained as the chief product. 

rn-Aminodimethylaniline (Schuchardt) was chloroacetjdated 
in benzene solution. In order to complete the separation of 
the chloroacetyl derivative, about one-half volume of ligroin 
was added to the benzene layer and the mi.vture allowed to stand 
over night in the ice box. Yield: 50-80 per cent of the theory. 
After two recrj'stallizations from 95 per cent alcohol, the com- 
pound forms grayish rhombs, softening at 101° and melting at 
101.5-2.5° (corrected). It couples readily with diazo compounds, 
and is verj’- soluble in the cold in acetone, less so in acetic acid, 
and difficultly in alcohol, benzene, and ether. 

0.1614 gm. of substance (Kjeldahl) required 15.2 cc. HCl. 

Calculated for CioHuONjCl: N = 13.18 per cent. 

Found; N = 13.19 per cent. 

m-Chloroacelylaminodimeihylaniline and hexamethylenetetra- 
mine. The green, viscous solution obtained by boiling the com- 
ponents in dry chloroform was diluted with several volumes 
of dry acetone, precipitating the salt as a pale bluish, micro- 
crystalline powder. Boiling for one hour in dry acetone removed 
most of the color. The purified salt melts with decomposition 
at 151-2° and is readily soluble in water, but difficultly in 
chloroform. 

0.2220 gm. of substance required 6.59 cc. AgNOj Solution I. 

Calculated for CitHjsONjCI: Cl = 10,05 per cent. 

Found: Cl = 10.45 per cent. 

p-Aminodimethylaniline. A portion of the p-aminodimeth 5 d- 
aniline used in this and other experiments was furnished us through 
the courtesy of the Farbwerke Hochst. We desire to take this 
opportunity also to thank this firm for their kindness in supply- 
ing us with this and other intermediate products of the dyestuff 
industry. In preparing additional quantities of p-aminodi- 

'*A. Groll: Ber. d. deutsch. chyn. Gesellsch., xix, p. 198, 1886. 
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methylaniline, the following method was found to be very rapid 
and serviceable: 100 grams of p-nitrosodimethylaniline were 
added in small amounts to a warm solution of 450 grams of stan- 
nous chloride in 900 cc. of concentrated hydrochloric acid, occa- 
sional cooling being necessary. The mixture wms finally warmed 
for one-half hour on the water bath, cooled, and saturated with 
hydrochloric acid gas at 0° in order to complete the precipita- 
tion of the double tin salt. This was filtered off, dissolved in 
water, the solution covered with a layer of ether, and, with cool- 
ing, made very stronglj'- alkaline with 50 per cent sodium hydroxide 
solution. The upper layer was I'emoved and the alkaline solu- 
tion shaken out several times with ether. After removal of the 
ether, the residue was fractionated in vacuo. Yield: 72 grams, 
boiling at 146-8° at 24 mm., and melting at 38-41°. 

p-Chloroacetylaminodimethylaniline. After chloroacet 3 dation 
of the base in benzene solution, using chloroacetyl chloride and 
aqueous sodium hydroxide, the separation of the chloroacet 3 d 
derivative was completed by the addition of ligroin. Recrys- 
tallized from benzene, with bone-blacking, the compound 
answered the description given b 3 '' Rupe and Vsetecka.*^ Yield: 
74 per cent of the theory. 

p-Chloroacetylaminodimethylaniline and hexamethylenetetramine. 
The salt forms glistening plates containing chloroform of crystal- 
lization and melting at 145-8°. After drying to constant weight 
in vacuo at the temperature of boiling alcohol, the substance 
melts at 171-2° with decomposition and preliminary darkening, 
and still retains chloroform. It is easily soluble in water, the 
solution smelling of chloroform and giving an orange-red color 
wdth ferric chloride. During the analysis by the Volhard method, 
a deep pink color developed, but it was found possible to destroy 
this b 3 '’ adding a large excess of concentrated nitric acid, thus 
permitting the determination of the end-point. 

0.2100 gm. of substance required 5.23 cc. AgNOj Solution I. 

Calculated for Ci6H250NcCl'lCHCl3: Cl~ = S. GO per cent. 

Found: Cl“ = S.77 per cent. 

p-Aminodieth 3 daniline was prepared from p-nitrosodiothylani- 
line h 3 ’'drochloride in the same way as the dimethyl compound, 

Rupe and .7. Vsctccka: Atm. ih Picm., ccci, p. 7.5, 189S. 
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except that the reduction was started in the cold and the double 
tin salt was filtered off after chilling, saturation of the reaction 
mixture ■ndth hydrochloric acid not being resorted to. The 
yield was the same as in the case of the dimethjdamino com- 
pound. The substance is a pale j^ellow oil which boils at 139.5- 
40.5° at 9.5-10 mm. and melts below room temperature. 

p-Chloroacetylaminodiethylaniline. This was prepared in the 
same way as the dimethjdamino compound, and with appro.xi- 
mately the same yield. Recrystallized from dilute alcohol, it 
forms faintly pink, delicate, lustrous needles, melting at 83r4° 
(corrected), and easily soluble in ether, chloroform, benzene, 
and acetone. 

0.1993 gm. of substance (Kjeldahl) required 16.0 cc. tf HCI. 

Calculated for CuHitONjCI: = 11.65 per cent. 

Found; N = 11.48 per cent. 

p-ChloroacetylaminodielhylaniUne and hexamethylenetetramine. 
The mechanical stimulus of filtration was sufficient to induce 
crystallization of the salt from the reaction mixture. The pre- 
cipitation was made more complete by the addition of two vol- 
umes of dry acetone. The compound forms glistening micro- 
cr 3 ^stals melting with decomposition at 159-60° and dissolving 
readily in water and alcohol. The same precautions must be 
observed in the analysis as in the case of the dimethjdamino 
analog. 

0.2120 gm. of substance required 5.65 cc. AgNOj Solution I, 

Calculated for CnHjsONeCl: Cl = 9.32 per cent. 

Found: Cl = 9.38 per cent. 

p-Nitrosodipropylaniline hydrochloride. 28 grams of dipropyl- 
aniline were dissolved in a mixture of 60 grams of concentrated 
hydrochloric acid and 125 grams of ice and water. A concentrated 
aqueous solution of 12.2 grams of sodium nitrite was then added, 
drop by drop, with stirring and chilling. After stirring for about 
half an hour, the nitroso hjffirochloride was salted out and fil- 
tered off. A small portion was dissolved in hot absolute alcohol, 
bone-blacked, "filtered, and precipitated by dry ether as a green- 
ish 3 ''ellow, micro-crystalline powder. The salt dissolves readily 
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in water, and, when heated rapidly, darkens and decomposes 
violently at about 160-5°. It is a powerful irritant to the mucous 
membrane. 

0.4317 gm. of substance gave 0.2560 gm. AgCl. 

Calculated for CijHisONj-HCl: Cl = 14.61 per cent. 

Found: Cl = 14.67 per cent. 

■p-Aminodipropylaniline. The crude, red-brown nitroso hydro- 
chloride was reduced as in the case of the dimethylaniline analog. 
In this way, from 28 grams of dipropylaniline were obtained 15.5 
grams of p-amino compound as a somewhat viscous, pale yellon- 
oil of which most boiled at 155.5-6.6° at 6 mm. It docs not 
solidify in a freezing mixture, is miscible in all proportions with 
absolute alcohol, and is slightly soluble in hot water, 

0.1546 gm. of substance (Kjeldahl) required 15.85 cc. -fr HCl. 

Calculated for C 12 H 20 N 2 : N = 14.58 per cent. 

Found: N = 14.37 per cent. 

p-Chloroacctylaminodipropylaniline. The compound separated 
from the benzene layer of the reaction mi-xture after adding ligroin 
and letting stand over night in the ice box. Eecrystallized from 
95 per cent alcohol, it forms practicall}'’ colorless prisms softening 
at 120° and melting at 121-1.5° (corrected). Yield: 14 grams 
from 15 grams of base. 

0.2691 gm. of substance (Kjeldahl) required 20.13 cc. HCl. 

Calculated for CJ 4 H 21 ON 2 CI: JM = 10.43 per cent. 

Found: N = 10.48 per cent. 

p-Chloroacetylaminodipropylaniline and hexaniethylenetelr amine. 
On one occasion the salt separated incompletely from the chloro- 
form solution as an oil, in another preparation as a past)’’ mass. 
In both cases, about three volumes of dry acetone were added 
in order to complete the precipitation and induce ciystallization. 
The compound forms minute platelets containing solvent of 
cry'stallization which is driven off m maw at the temperature of 
boiling alcohol. The -salt then melts at 165-8° to a tar, and is 
difficultly soluble in water, easily in chloroform, 'absolute alco- 
hol, and dilute acids. 
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0.2185 gm. of substance required 10.26 cc. AgNOi Solution II.'* 
Calculated for C-oHHONeCl: Cl = 8.68 per cent. 

Found : Cl = 8.73 per cent. 


p-Chloroacetylaminoethylbemylaniline. p-Aroinoetlij’lbeiizjlaii- 
iline was prepared according to the method of Schultz, Rohde, 
and Bosch.'^ The chloroacetyl derivative separates from the 
benzene layer of the reaction mixture as an oil which rapidly 
soUdifies. After letting stand over night in the ice box, the 
substance was filtered off and recrystaUized from 95 per cent 
alcohol, with bone-blacking. It forms pale brownish micro- 
prisms melting at 106-8° to a brown liquid and is readily soluble 
in benzene. Yield; poor. 

0.2128 gm. of substance (Kjeldahl) required 14.01 cc. jV HCl. 

Calculated for CitHisONjCI; N = 9.26 per cent. 

Found: JT = 9.23 per cent. 

p-Chloroacetylaminoethylbenzylaniline and hexamethylenetetra- 
mine. The salt separated incompletely from the chloroform sol- 
ution as an oil, which was converted into crj'stalline form by the 
addition of dry acetone to the mixture. It forms glistening micro- 
platelets melting with decomposition at 163^° and is very dif- 
ficultly soluble in water. An aqueous solution may be obtained, 
however, by adding a molecular equivalent of dilute h 3 '’drochloric 
acid. 

0.2060 gm. of substance required 4.97 cc. AgNOj Solution I. 

Calculated for C.jHjiONjCl: Cl = 8.21 per cent. 

Found: Cl = 8.49 per cent. 

p-Chloroaceiylaminoazobenzene. (See formula I.) The sub- 
stance was filtered from the toluene layer of the reaction’ 
mixture and recrystaUized from 95 per cent alcohol, with bone- 
blacking. Yield: about 50 per cent. RecrystaUized from tolu- 
ene, it forms sheaves of golden-yeUow needles which soften at 
155° and melt at 159.5° (corrected). The compound is soluble 

Tbe pink color produced by the indicator may be temporarily de- 
stroyed by the addition of concentrated nitric acid. 

G. Schultz, G. Rohde, and E. Bosch: Ann. d. chem cccxxxiv, p, 
262, 1904. 
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in hot chloroform and dissolves in sulphuric acid with a brown- 
orange color. 

0.1409 gm. of substance gave 19.45 cc. N (752 mm. and 23.2°). 

Calculated for CiiHi^iONjCl: N = 15.36 per cent. 

Found: N = 15.30 per cent. 

'p-Cliloroacetylaminoazobemene and liexainethylenetetr amine. The 
mechanical stimulus of filtering the deep red chloroform solution 
was sufficient to induce cr 3 fstallization. The orange-j'-ellow salt 
melts with decomposition at 153^°. It is difficultlj’- soluble 
in water, the solution djming silk a light yellow shade. The 
stability of the aqueous solution and the solubility are increased 
by the addition of a small amount of aqueous sodium carbonate. 
It turns red under sulphuric acid and dissolves with an orange 
color. 

0.2756 gm. of substance required 6.63 cc. AgNOj Solution I.’® 

Calculated for C20H24ON7CI: Cl = 8.57 per cent. 

Found: Cl = 8.47 per cent. 

Chloroacetylaminoazotoluene (o-tolueneazochloroacctyl-o-toluidinc). 
This was prepared from aminoazotoluene (from o-toluidine) in 
the same way and with the same yield as chloroacetylaminoazo- 
benzene. Reciystallized first from toluene with the aid of a little 
ligruin, and then from absolute alcohol, it forms pale salmon- 
colored needles which soften at 168.5° and melt at 171-2.5“ 
(corrected). The compound is difficultly soluble in the cold 
in the usual organic solvents, easily on warming, and gives a 
brown-red solution in sulphuric acid. 

0.1417 gm. of substance (Kjeldahl) required 14.32 cc. HCl. 

Calculated for CicHieONjCI: N = 13.93 per cent. 

Found: N = 13.89 per cent# 

Chloroacetylaminoazotoluene and hexamethxjlenetetr amine. The 
orange-yellow salt melts at 167-9° to a red-brown liquid. It is 
somewhat soluble in chloroform and absolute alcohol and dis- 
solves much more readily in water than the preceding unsubsti- 

Before titrating the substances of this type, dilute nitric acid was 
added to the hot solution. The mixture was cooled and the precipitate 
filtered off. 
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tuted homolog. It givps an orange color -with sulphuric acid. 
The aqueous solution dyes silk a pale yellow shade. 

0.2637 gm. of substance required 6.07 cc. AgNOj Solution I. 

Calculated for CjjHisONiCl: Cl = 8.03 per cent. 

Found; Cl = 8.10 per cent. 

P-N^aphthaleneazochloroacetyl-^-naphthylaviine. The product ob- 
tained from 14.8 grams of /3-naphthalenea20-;3-naphthylamine 
(aminoazo-)3-naphthalene) as in the above cases was filtered off, 
washed with toluene, and recrystallized from acetone. Yield: 10.9 
grams. Recrystallized first from toluene with the aid of a little 
ligroin and then from amyl alcohol, it melts with decomposition at 
181.5-2.5° (corrected). The compound forms bright orange, hair- 
like needles, easUy soluble in chloroform, difficultlj’- in alcohol, 
and soluble in sulphuric acid with a deep violet color. 

0.1387 gm. of substance gave 14.1 cc. N (757 mm. and 25.3°). 

Calculated for CtsHuONjCl; N = 11.25 per cent. 

Found: N = 11.24 per cent. 

The hexamethylenetetramine addition product of the chloroace- 
tyl derivative proved to be insoluble in water and could not be 
purified. Before this result was obtained we had already imder 
way the preparation of other substances of this type, but owing 
to the unpromising properties of the above hexamethylenetetra- 
mine derivative this line of work was dropped. For purposes 
of record, however, we give below a description of the substances 
which had been prepared. 



NHCOCHsCl 

(I) (II) 

Benzeneazobenzeneazochloroacetyl-p-naphthylamine. Benzeneazo- 
benzeneazo-/3-naphthylamine (benzene-p-disazobenzene-/3-naph- 
thylamine) was chloroacetylated as in the previous cases. After 
cooling, the r)rod>:ot (see formula II) was filtered off, washed with 
toluene, and recrj^stallized from this, with bone-blacking. Yield : 
about 60 per cent of the theory. The compound forms brick- 
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red micro-needles which darken above 188° and melt at 190’ 
(corrected) with decomposition. It is very difficultly soluble 
in absolute alcohol, more readily in chloroform, and gives a red- 
brown solution with sulphuric acid. 

0.1221 gm. of substance gave 18.4 cc. N (746 mm. and 22.4°). 

Calculated for Cs^HisONiCl; N = 16.38 per cent. 

Found: N == 16.63 per cent. 

o-Tohie7ieazo-o-tohmieaso-^-naphihylaniine. 17.2 grams of arai- 
noazotoluene (from o-toluidine) were stirred into 25 cc. of con- 
centrated hydrochloric acid, after which the mixture was diluted 
with water, cooled with ice, and slowly diazotized with a little less 
than the theoretical amount of sodium nitrite. The solution 
of the diazonium salt was filtered into a well stirred suspension of 
/3~naphthylamine hydrochloride obtained by rapidly chilling a solu- 
tion of 10.9 grams of the amine in hot, dilute hydrochloric acid 
containing 9 cc. of concentrated acid. The mixture was turbined 
for one-half hour, filtered, and the solid washed successively 
with dilute hydrochloric acid, water, dilute aqueous ammonia, 
and water. The crude product was dissolved in hot acetone, 
bone-blacked, and crystallized by adding hot water and cooling. 
Yield: 13.8 grams. Recrystallized from toluene, the compound 
forms glistening, dark violet-brown leaflets which melt at 174-7° 
and dissolve in toluene and acetone with a deep red color, and in 
sulphuric acid with a deep blue-green color. In concentrated 
hydrochloric acid it dissolves with difficulty with a deep blue color. 

0.1295 gm. of substance gave 21.25 cc. N (754 mm. and 23.8°). 

Calculated for C:4H2iN5: N = 18.45 per cent. 

Found: N = 18.18 per cent. 

o-Tolueneazo-o-tohieneazochloroacetyl-^-naphtliylamine. The base 
was dissolved in warm toluene and chloroacetylated in the 
usual way after adding an excess of normal aqueous sodium hy- 
droxide. Recrystallized twice from acetic acid and then from 
amyl alcohol, it melts to a tar at 122-6° with preliminary soften- 
ing. It forms a dark brown micro-crystalline powder, gives a 
strong Iialogen test with copper wire, and yields deep red-brown 
solutions with chloroform, acetone, and benzene. The color 
in sulphuric acid is dark brown. 
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0.1220 gm. of substance gave 16.2 cc. JT (755 mm. and 22°). 

Calculated for C-sHkOXsCI: X = 15.37 per cent. 

Found: N = 14.S7 per cent. 

o-Tolueneazo-cc-naphthylamine. Although this substance has 
been used by previous workers'® and is easilj’ prepared by di- 
azotizing o-toluidine and coupling with a:-naphth 5 damine in the 
usual manner, we were unable to find any description of it in 
the literature.®® Recrj^stallized first from dilute alcohol and then 
ligroin, it forms rosettes of orange-red hairs melting at 97—7.5° 
(corrected) with slight preliminarj' softening. It is verj^ soluble 
in the usual organic solvents, and gives deep red solutions in sul- 
phuric and acetic acids. The hv'dro chloride is vei^' difficulth' 
soluble in water. 

0.1243 gm. of substance gave 17.45 cc. X (758 mm. and 22°). 

Calculated for CnHisXi: X = 16.09 per cent. 

Found: X = 15.78 per cent. 

o-Tolueneazo-oc-naphthaleneazo-fi-naphthylamine. The above 
dye was diazotized, coupled, and basified as in the case of 
the corresponding aminoazotoluene derivative (see above). The 
jdeld was e.vcellent. Eecrj'stallized twice from amyl alcohol, 
the substance sinters above 140° and melts at about 173-8°. 
It forms a black-brown, micro-crystalline powder which is soluble 
in chloroform, acetone, and benzene with a purplish red color, 
and difficultly soluble in ether and absolute alcohol. It gives 
an intense blue color with sulphuric acid, dissolves with difficulty 
in dilute hydrochloric acid with a faint purple color, and is insol- 
uble in dilute nitric and sulphuric acids. The fact that the 
compound burned with difficulty probablj’’ explains the low 
result on analysis. 

0.1360 gm. of substance gave 19.45 cc. X (763 mm. and 21.3°). 

Calculated for CjtHjiXj: N = 16.87 per cent. 

Found: X = 16.23 per cent. 


Compare R. Xietzki and R. Zehntner: Rcr. d. deulsch. chem. Geselhch., 
.Txvi, p. 145, 1893. 

After this paper had been sent to press we found a description of 
this substance by L. Casale and M.Casale-Sacchi (Gazz. chim. Hal., xliv, 
pt. ii, p. 395, 1914), who give the melting point as 95°. 
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As there seemed to be little hope for the preparation of water- 
soluble hexamethylenetetramine dyes from intermediates contain- 
ing benzene and naphthalene radicals with neutral substituents 
only, it was decided to experiment with dyes containing salt- 
forming groups. The series of dyes described below was developed 
with this in view. 

p-Acetaminobenzeneazodimethylaniline. This compound was 
prepared by Meldola^^ by the reduction and acetylation of the 
corresponding nitro compound. As this method did not give 
good results in our hands, the following procedure was used; The 
diazonium solution from 19.8 grams of p-aminoacetanilidc was 
slowly run into an alcoholic solution of 32.3 grams of dimetliylan- 
iline, with cooling and vigorous stirring. The separation of the 
orange-brown dye was completed by the addition of sodium 
acetate, after which the product was filtered off and washed with 
50 per cent alcohol. Yield: 31.4 grams, melting at 223-7°. Re- 
crystallized from 90 per cent alcohol, it melts at 226-7° and not 
at 217°, as stated by Meldola. • 

p-Aminobenzeneazodimethylaniline. The above acetyl deriva- 
tive was boiled for thirty-five minutes with about eleven parts 
of sulphuric acid (1:4), the mixture gradually assuming a thinner 
consistency as the hydrolysis proceeded. The solution was cooled 
and, with continued cooling, made slightly alkaline wdth aqueous 
ammonia. The red-brown, bulky precipitate was filtered off, 
washed with water and 50 per cent alcohol, and dried. Yield: 
22.5 grams. 

'p-ChloroacetylaminohenzeneazodimethylaniUne. 7.5 grams of 
amino compound were dissolved as well as possible in about 
100 cc. of warm benzene and chloroacetylated in the usual man- 
ner with chloroacetyl chloride and normal sodium hydroxide 
solution. The dark brown precipitate was filtered off, washed 
well with toluene, water, and 50 per cent alcohol, and dried. 
Yield: 8.5 grams. RecrystaUized from boiling isoamyl alcohol, 
in which the substance is difficultly soluble, it forms glistening, 
chocolate-brown micro-plates, soluble in chloroform and ace- 
tone. The solution in dilute mineral acids dyes silk a brownish 
yellow' shade. When rapidly heated, the compound sinters at 
about 190° and melts at about 205°. 

R. Meldola: Jour. Chem. Soc., xlv, p. 108, 1884. 
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0.2097 gm. of substance (Kjeldahl) required 26.45 ec. ^ HCl. 

Calculated for CieHnONiCl; N = 17.71 per cent. 

Found: N = 17.68 per cent. 

p-Chloroacelylamindbenzeneazodinieihylaniline and hexamethy- 
lenetetramine. The brown salt was washed well with chloroform 
and boiled trith dry acetone. It melts at 167-8.5° and is diffi- 
cultly soluble in water, more easil 3 '’ on adding a dilute mineral 
acid, the color of the solution changing from orange to deep 
purple. It dyes silk a brown-orange color. 

0.1189 gm. of substance gave 25.4 cc. N (762 mm. and 20.5°).“ 

0.3075 gm. of substance gave 0.1001 gm. AgCl. 

Calculated for CjjHjsON'aCl: N = 24.53 per cent; Cl = 7.76 per cent. 

Found: N = 24.33 per cent; Cl = 8.05 per cent. 

p-Acetaminobenzeneazodiethylaniline. This substance was pre- 
pared in the same way as the dimethjd homolog. Yield of crude 
product: 35 grams. 5 grams of this, recrj^stallized from 85 per 
cent alcohol, yielded 4.8 grams of glistening, orange-brown plates 
which form an orange-red powder when pulverized and soften 
at 186° to a semicrystalline mass which becomes entirelj’’ fluid 
at 192°. The solution in dilute hydrochloric acid dj’^es silk a 
brownish j’-ellow shade. 

0.1536 gm. of substance (Kjeldahl) required 19.77 cc. to HCl. 

Calculated for CigHj.ONi: N = 18.06 per cent. 

Found: N = 18.05 per cent. 

p-Amindbenzeneazodiethylaniline. 30 grams of acetamino de- 
rivative were saponified as in the case of the dimethjd compound. 
The partlj’- resinous product solidified on standing, and was 
ground up in a mortar and dried. Yield: 23.2 grams. Eecrj^s- 
tallized first from benzene with the aid of an equal volume of 
ligroin, and then tvdce from 85 per cent alcohol, it forms dark 
brown crystals vdth a blue-black luster. These melt at 149-50° 
(corrected) with preliminarj^ softening. 

0.1529 gm. of substance (Kjeldahl) required 22.63 cc. to HCl. 

Calculated for CieHjoNg: N = 20.89 per cent. 

Found: N = 20.74 per cent. 


■■ Quantitative results were obtained only when the substance was 
mixed with lead chromate. 
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'p-ChloroacetijlaminohenzeneazodiethylaniliTie. 15 grams of ami- 
no compound were partially dissolved ip warm toluene and 
chloroacetylated as in the case of the dimethyl homolog. Pre- 
cipitation of the chloroacetyl derivative was assisted by adding 
an equal %mlume of ligroin to the toluene solution before cooling. 
The product was combined with a small amount obtained bv 
extracting the toluene-ligroin solution with 5 per cent sulphuric 
acid and maldng alkaline, and then recrystallized by bone-black- 
ing in benzene and adding ligroin to the hot, filtered solution. 
Yield: 9.6 grams of chocolate-brown crimtals, which sinter above 
155° and melt at 160.5-2°. The solution in dilute mineral acids 
dyes silk a brown-orange shade. 

0.1490 gm. of substance (Kjeldahl) required 17.27 cc. HCl. 

Calculated for CiaHjiON^Cl: N = 16.26 per cent. 

Found: A’ = I6.2d per cent. 

p-Chloroacehjlaviinohenzeneazodiethylaniline and hcxamcthyknc- 
tetramine. Precipitation of the brown-o:*ange salt from the 
chloroform solution was completed by adding dry acetone and 
cooling in the ice box. The product melts at 172-3° with pre- 
liminary sintering, is somewhat hygroscopic, and is easily soluble 
in water, yielding a brown-orange solution which d 3 ms silk the 
same 'color. 

0.2787 gm. of substance gave 0.0S6S gm. AgCl. 

Calculated for C-JlsjONaCl: Cl = 7.32 per cent. 

Found: Cl = 7.71 per cent. 

'p-Acetaviinohenzeneazodipropylaiiiline. 15 grams of p-amino- 
acetanilide were diazotized and the solution was added, with 
stirring, to a cold solution of 17.7 grams of dipropylanilinc in 
about 300 cc. of 85 per cent alcohol containing 20 grams of 
sodium acetate. During the coupling process, which took place 
rapidl}’', a little 95 per cent alcohol wms added in order to pre- 
vent the separation of unchanged dipropjdaniline. After fifteen 
minutes’ stirring, the mixture was allowed to stand for one hour, 
whereupon the precipitation of the dye was completed by the 
addition of water. Yield: 26.4 grams. Kecrj’-stallized first 
from 95 per cent alcohol and then from toluene, the compound 
forms small, orange needles which, vvhen rapidh^ heated, melt 
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at 178° (corrected). In dilute hydrochloric acid it dyes silk a 
brownish yellow shade. 

0.1227 gm. of substance gave 18.25 cc. N (760 mm. and 25.1”). 

Calculated for CjoHjeON^: N = 16.56 per cent. 

Found: K = 16.50 per cent. 

p-ChloToacetylaminohenzeneazodipropylaniline. The acetamino 
compound (23 grams) was hydrolyzed as in the previous exam- 
ples, but as difficulty was experienced in obtaining the amino 
derivative in a crystalline state, the crude, resinous product 
was dissolved in benzene and chloroacetylated in the usual man- 
ner with 100 cc. of two-normal sodium hydroxide solution and 
5 cc. of chloroacetyl chloride. The benzene layer was evaporated 
to small bulk in the cold by means of a current of air, yielding, 
in all, 9.4 grams of red-broum micro-platelets. Recrystallized 
again in the same manner, the substance forms orange-brown 
aggregates of micro-crystals melting at 112^° (corrected) with 
preliminary softening and darkening. It is readily soluble in 
benzene and chloroform, less so in absolute alcohol. 

0.1581 gm. of substance (Kjeldabl) required 16.67 cc. -fV HCl. 

Calculated for CjoHjsON<Cl: K = 15.03 per cent. 

Found: N = 14.78 per cent. 

p-Chloroacetylaminobenzeneazodipropylanilineand hexameihylene- 
letramine. The solid cake formed on boiling the components 
for forty minutes in drj’' chloroform solution was disintegrated, 
treated with about two volumes of dry acetone, and filtered off. 
The salt was then ground up in a mortar with dry acetone and 
washed well with this, being obtained finally in the form of orange- 
5’^ellow micro-platelets which soften and sinter above 100° and 
melt completely at 180-1°. It is somewhat less soluble in water 
than the diethyl homolog and dyes silk a brown-orange shade. 

0.3125 gm. of substance required 6.47 cc. AgNOj Solution l.“ 

Calculated for CjcHstONsCI: CI = 6.92 per cent. 

Found: Cl = 7.29 per cent. 


^ After dissolving the substance in fairly strong nitric acid and adding 
an excess of the silver nitrate solution, the mixture was heated at 100° 
until most of the dye was destroyed. The precipitate was filtered off 
and the silver determined gravimetrically in the filtrate. 
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'p-AcetavnnohenzeneazoethylhenzyJaniline. The diazonium sol- 
ution from 20 grains of p-aminoacetanilide was slow!}' run into 
a well stirred solution of 28 grams of ethylbenzjdaniline in about 
500 cc. of absolute alcohol containing 15 grams of sodium bicar- 
bonate in suspension. As coupling took place very slowly, about 
5 cc. of concentrated aqueous ammonia were added and the 
stirring continued about three hours. Aqueous ammonia was 
then added in slight excess, followed by about tw'O volumes of 
water. This precipitated a dark colored oil which solidified 
almost completely on standing several days. The product was 
filtered off and dried in vacuo over sulphuric acid, after which 
it was extracted -with cold ether and washed ■well with this. The 
substance was thus obtained in a yield of 23.7 grams as a choco- 
late-brown powder. Eeciystallized from 85 per cent alcohol, 
it forms minute browm rhombs with a violet reflex. On drying 
in vacuo at the temperature of boiling alcohol, water is given off 
and the color changes to red-brown. 

0.S248 gm. of substance lost 0.0230 gm. 

Calculated for Cs3H2i0NviH20: HsO = 2.36 per cent. 

Found: HsO == 2.79 per cent. 

0.1819 gm. of dried substance (Kjeldabl) required 19.37 cc. IICl. 

Calculated for C23H240N4; N = 15.05 per cent. 

Found; N = 14.93 per cent. 

Recrystallized from benzene, the compound forms 3 'ellow- 
brown spears with a violet luster which melt at 148-50° (cor- 
rected) with slight preliminary reddening and softening. These 
form an ochre powder when pulverized, and, in very dilute Iw- 
drochloric acid solution, djm silk a lemon-yellow shade. 

The amino derivative, obtained by hydrolysis of the acetyl 
compound by boiling for one-half hour with ten parts of sulphuric 
acid (1:4), is best isolated by allowing the cooled solution to run 
slowly into well chilled and rapidly stirred dilute ammonia. In 
this way the base separates in the form of browm, amorphous 
flocks which coalesce to a thick resin on filtering. The crude 
product was taken up in benzene and used for the preparation 
of the chloroacetyl derivative. 

'p-Chloroacetytaminohenzcneazoetliylhenzylanilinc. 150 cc. of nor- 
mal sodium • hydroxide solution were added to the above ben- 



W. A. Jacobs and M. Heidelberger 127 


zene solution and the mixture was thereupon treated ndth 
6 cc. of chloroacetyl chloride, added in small portions, with 
vigorous shaking. The benzene layer was evaporated to small 
bulk in vacuo in the cold, depositing brown crystalline crusts 
which were recrystallized from toluene. Yield: 6.5 grams. 
The compound melts at 140-1.5° (corrected) and is easily soluble 
in acetone and chloroform, difficultly in cold alcohol and toluene. 
It dissolves in acetic acid wnth a deep red color. The solution 
in dilute hydrochloric acid dyes silk a brownish yellow shade. 

0.1367 gm. of substance gave 16.7 cc. N (764 mm. and 23.7°). 

Calculated for C; 3 HjaON<Cl: K = 13.78 per cent. 

Found: N = 13.73 per cent. 

p-Chloroacetylaminohenzeneazoethylbenzylaniline and hexamethy- 
lenetetramine. After about twenty minutes' boiling the chloroform 
solution set to a solid cake. This was broken up, boiled ten 
minutes longer with a little more dry chloroform, filtered, and 
washed cautiously unth dry chloroform in order to remove the 
brown color. Excessive amounts of solvent must be avoided, 
as the salt is somewhat soluble in chloroform. After grinding 
up with dry acetone, the residue forms ochreous micro-plates 
which gradually sinter above 110° and melt to a tar at 140°. 
The salt dissolves in water, forming an orange solution which 
dyes silk an orange-red color. It is also soluble in alcohol. 

0.2588 gm. of substance required 4.53 cc. AgNOj Solution 

Calculated for CssHjsONsCl; Cl = 6.48 per cent. 

Found: Cl = 6.16 per cent. 

All the above dialkylamino dyes dissolve in sulphuric acid with 
brownish orange colors and in dilute mineral acids with the 
formation of purple solutions. 

m-Bromodieihylaniline. Twenty grams of rn-bromoaniline, 56 
grams of ethyl iodide, 12 grams of sodium fij’^droxide, and about 
50 cc. of absolute alcohol were heated at 100° in a pressure bottle 
for eight hours, with occasional shaking. AVater was added, the 
precipitated oil taken up in ether, and the bases were extracted 

The solution was wanned with nitric acid until pale 5 'ellow, after 
which an e.vcess of the silver nitrate solution was added, the tar and silver 
chloride filtered off, and the titration completed as usual. 
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with 10 per cent sulphuric acid. They were then precipitated 
with sodium hydroxide, taken up with ether, dried, and the solu- 
tion evaporated to small bulk. The residue was then warmed for 
three hours on the water bath with acetic anhydride in order to 
acetylate the primary and secondary amines. Ether was then 
added and the tertiary amine extracted by shaking with 10 per 
cent sulphurid acid. The base was precipitated ndth sodium 
hydroxide, taken up in ether, and the solution dried over potas- 
sium hydroxide and evaporated to small bulk. On fractionating 
in vacuo the substance was obtained in a yield of 10.1 grams as 
a highly refracting, colorless liquid boiling at 139.5-142° (cor- 
rected) at 9-10 mm. It is heavier than water, has a slight aro- 
matic odor, and solidifies in a freezing mixture, melting again at 
a low temperatuj’e. 

0.1373 gm, of substance (Kjeldahl) required 6.22 cc. HCl. 

Calculated for CioHuNBr: N == 6.14 per cent. 

Found: N = 6.35 per cent. 

'p-Aceia7ninohenzeneazo-2'-bromo-4'~diethy}amindbcnzenc. The 
dye was prepared similarly to the ethylbenzylanilino analog. 
A small amount of tar tvas obtained, wdiich solidified on long 
keeping. Rccrystallized twdee from absolute alcohol, it forms 
minute, glistening rhombs which sinter and redden above 1G0° 
and melt at 163.5-4° (corrected). It readily forms highly super- 
saturated solutions and is very soluble in chloroform, less so in 
benzene, acetone, hot alcohol, and hot amyl alcohol. The dark 
violet solution in dilute hydrochloric acid dyes silk a deep yellow 
shade. The substance gives a sti’ong Beilstein test and dissolves 
in sulphuric acid wdth a red-brown color. 

0.1510 gm. of substance gave 19.3 cc. N (771 mm. and 22°). 

Calculated for CisHjiON^Br: N = 14.39 per cent. 

Pound: N = 14.62 per cent, 

Benzeneazo-2'-chloroacetyla7mno-4'-dimcthyla77iinohcnzcnc. Th'S 

substance of the chrysoidine type was prepared by diazotizing 
and coupling 2.1 grams of aniline with a solution of 5 grams 
of 7 ?e-chloroacetylaminodimethylaniline (page 113) in one molec- 
ular equivalent of 10 per cent hydrochloric acid, following the 
directions for the preparation of chrj’-soidine as given in Mohla\i 
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and Bucberer’s Farbenchemisches Praktil:iim, p. 132 (Leipsic, 
1908), except that the heating was omitted. Recrystallization 
of the crude product from absolute alcohol yielded 2.9 grams of 
scarlet tablets with a faint violet luster. The compound melts at 
109.5-10° (corrected) with slight preliminary softening, is readily 
soluble in chloroform and benzene, and dissolves in sulphuric 
acid with a bright orange color. It is difficultly soluble in cold, 
dilute hydrochloric acid, the solution dyeing silk an orange shade. 

0.1430 gm. of substance (Kjeldahl) required 17.9 cc. HCl. 

Calculated for CisHitONjCI; N = 17.71 per cent. 

Found: N = 17.53 per cent. 

The hexamethylenetetraminium salt was obtained in poor yield 
and in a very impure condition. 

J/.-Nilr6benzeneazo-2'-chloroacetylamino-4'-dimethylaminobenzene. 
The diazonium solution obtained from 3.25 grams of p-nitranih'ne 
was diluted to about 600 cc. To the well stirred solution were 
added, in small portions, 5 grams of fmely powdered m-chloro- 
acetylaminodimethylaniline, the solution becoming a dark vio- 
let-brown. After one-haK hour’s stirring, normal sodium ace- 
tate solution was added, drop by drop, imtil the reaction became 
neutral to Congo Red paper. After standing over night in the 
ice bo.x, the violet-brown precipitate was filtered off, dried, and 
reciy^stallized from hot chloroform, in which it is very difficultlj” 
soluble. The substance was obtained in this way in the form of 
dark violet-brown, voluminous, triboelectric masses of micro- 
crystals. When rapidly heated it melts at 220°. It is difficultly 
soluble in the usual solvents, excepting hot nitrobenzene, from 
which it separates in dark crystals with a metallic green reflex. 
It gives a bright red color with sulphuric acid and dissolves with 
difficulty in dilute hydrochloric acid with a brownish \’iolet color. 

0.1642 gm. of substance (Kjeldahl) required 22.45 cc. xy HCl. 

Calculated for CisHieOaNsCl: K" = 19.31 per cent. 

Found: N = 19.16 per cent. 

Most of the substance was recovered imchanged after heat- 
ing in a pressure bottle at 100° with hexamethjdenetetramine in 
dry chloroform for several hours. 

The following two substances were encountered in the course of 
experiments which were not carried to completion: 
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p-Diethjlaminobenzeneazo-P-naphthjlamine. IS grams of p-ami- 
nodiethylaniline were diazotized in the usual manner and tlie 
solution was poured slowly into a well stirred solution of 15.5 
grams of |8-naphthylamine in about 150 cc. of warm 90 per cent 
alcohol, A deep red color developed at once. After about 
fifteen minutes, sodium acetate was added in e.xcess, precipitating 
a gummy mass which solidified on standing over night. 9,3 
grams were obtained after recrystallization from 95 per cent 
alcohol. After another recrystallization, the compound forms 
glistening, maroon plates melting at 117-20° with preliminary 
softening. When pulverized, it forms a brick-red powder, readily 
soluble in benzene and chloroform and dissolves in dilute acids 
to form deep red solutions which dy’-e silk a brown-orange color, 

0.120S gm. of substance gave 19.65 ce. N (763 mni. and 23.5°). 

Calculated for C 20 H 22 N 4 : N = 17.60 per cent. 

Found; N = 1S.27 per cent. 

p-Dielhylaminohenzeneazochloroacetyl-a-naphthylaminc. 11 grams 
of 2 ;-aminodiethylaniline were diazotized and the solution 
was slowly added to a well stirred solution of 10 grams of 
a-naphthylamine in warm 90 per cent alcohol. Stirring was 
continued for one hour, after which sodium acetate was added, 
precipitating a resinous mass which eventually became of sucli 
consistency that it could be filtered off and dried. As the amine 
could not be obtained in a crystalline state, it was dissolved in 
benzene and treated with one molecular equivalent of chloroacetic 
anltydride, the solution being eventually warmed. On cooling, 
a gum separated. This solidified on long standing, after which 
it was pulverized, washed well with dilute alkali and water, dried, 
and recrystallized from amyd alcohol, yielding 7.8 grams of choc- 
olate-brown micro-crystals. These darken and soften above 
120° and melt at 145° to a thick tar. 

0.1716 gm. of substance (Kjeldahl) required 17.35 cc. IICl. 

Calculated for C 22 H 23 ON 4 CI: N = 14.19 per cent. 

Found: N = 14.16 per cent. 

The hcxamethylenetetraminium salt was obtained only ni 
an impure condition. 

o-C'hloroacetylaminophcnol was obtained in praclically quan- 
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titative yield by dissohdng 4 grams of o-aininophenol in boiling 
benzene, adding 7 grams of chloroacetic anhydride, and boiling 
the resulting solution for fifteen minutes. The substance sep- 
arated on cooling as a thick mass of needles and conformed to 
the description given by Aschan.-“ 

o-ChloToacetylaminophenol and hexametliylenetelra7nine. The 
components were boiled for fifteen minutes in dry chloroform, 
the clear solution first obtained being concentrated to small bulk 
at the same time. A precipitation of caseous material occurred, 
which rapidly became crj'stalline. The product was filtered off, 
ground up with drj^ chloroform, washed with drj^ acetone, and 
finall}' boiled one-half hour with drj'- acetone in order to remove 
a small amount of material insoluble in water. The salt melts 
with decomposition at 155°, dissolves in absolute alcohol, and is 
readily soluble in water, the solution giving a purple color vith 
ferric chloride. 

0.2676 gm. of substance gave 0.1194 gm. AgCI. 

Calculated for CnHjoOjNsCl: Cl = 10.89 per cent. 

Pound: Cl = 11.04 per cent. 

o-Chloroacetylaminophenyl benzoate. 3 grams of benzo 3 d chlo- 
ride were carefully added to a well chilled solution of 4 grams of 
o-chloroacetjdaminophenol in 20 grams of pjTidine. After 
fifteen minutes, the mixture was pomed into water, precipitating 
an oil which solidified on scratching. The 3 deld was practicall 3 ’- 
quantitative. Ilecr 3 fstallized first from absolute, then 85 per 
cent alcohol, the benzoate forms silk 3 ’’ needles melting at 107,5- 
8.5° (corrected). It is ver 3 '- soluble in chloroform and benzene, 
rather difficultb'- in dr 3 '- ether. 

0.2041 gm. of substance (Kjeldahl) required 7.1 cc. ^ Hd- 

Calculated for CisHi-OsNCl; N = 4.84 per cent. 

Found: N = 4,87 per cent. 

o~Chloroacetylaminophenyl benzoate and hexamethylenetetramine. 
The clear solution obtained on boiling the components in dr 3 ’’ 
chloroform was evaporated to small bulk and treated with dry 
acetone. The precipitated salt, which retained chloroform of 
cr 3 'stallization, even on drying to constant weight in vacuo at 

‘^0. Aschan; Ber. d. deulsch. chem. Gesellsch., xx, p, 1524, 1887. 
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the temperature of boiling alcohol over sulphuric acid, vas boiled 
with dry acetone. As a result, acetone of crystallization was 
substituted for the chloroform and was held with equal tenacity, 
The presence of the acetone was proven by the iodoform test. 

0.2035 gm. of substance required 8.12 cc. AgNOj Solution II. 

Calculated for C 2 iH 2403 N 5 Cl-CH 3 C 0 CH 3 : Cl = 7.27 per cent. 

Found: Cl = 7.42 per cent. 

o-Chloroacehjlmninophemjl p-nitrobenzoate. 2.3 grams of o-cIi!o- 
roacetylaminophenol were dissolved in 15 grams of pj-riclinc, 
cooled in a freezing mixture, and treated with a solution of 2,3 
grams of p-nitrobenzoyl chloride in a little chloroform. After 
ten minutes at room temperature, the mixture was poured into 
dilute sulphuric acid and the chloroform removed by a current 
of air. The ester was filtered off and dried. Yield: practically 
quantitative. Recrystallized first from absolute alcohol, then 
toluene, it forms delicate, interlaced needles which soften at about 
160° and melt at 163.5-4° (corrected). It is difficultly soluble 
in cold absolute alcohol, benzene, and toluene, readily in 
chloroform. 

0.1450 gm. of substance (Kjeldahl) required S.45 cc. yy HCl. 

0.16S5 gm. of substance gave 0.0713 gm. AgCl.’ 

Calculated for Ci 6 Hn 06 N 2 CI: N = 8.37 per cent; Cl = 10.59 per cent. 

Found: N = 8.16 per cent; Cl = 10.47 per cent. 

o-Chloroacetylaminoplienyl p-nitrobenzoaie and hexamelhylencld- 
ramine. To the clear solution obtained by boiling the compon- 
ents in a small volume of dry chloroform were added several vol- 
umes of dry' acetone. After crystallization had been induced 
by scratching, the mixture was allowed to stand over night. 
The salt forms pale yellow plates which darken at about 166° 
and melt at 171-2°. 

0.179S gm. substance required 4.05 cc. AgNOs Solution I. 

Calculated for C 21 H 23 O 6 NCCI: Cl = 7.46 per cent. 

Found: Cl = 7.92 per cent. 

m-Chloroacetylaminophenol. 8.5 grams of chloroacetic anby- 



an hour and filtered from a small amount of tar which 
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deposited. On cooling, a tar first separated, followed by a crj'stal- 
line deposit which was increased by adding ligroin. Recrystal- 
lized from water, the compound forms almost colorless, glisten- 
ing plates melting at 134.5-6.° (corrected). Yield: 3.8 grams. 
It is easily soluble in dilute ammonia and sodium carbonate 
solutions and dissolves with diflaculty in chloroform. 

0.2157 gm. of substance (Kjeldahl) required 11.4 cc. rs HCl. 

Calculated for CsHsOsNCI: N = 7.55 per cent. 

Found: N = 7.40 per cent. 

m-Chloroacetylaminophenol and hexamethylenetetramine. When 
a solution of the components in dry chloroform was boiled, a gum- 
my mass soon separated. After about fifteen minutes’ boiling, 
dry acetone was added, causing partial cr 3 rstallization. After 
several days, during which most of the product had crystallized, 
the salt was filtered off, boiled about fifteen minutes with a little 
dry chloroform, and finally with dr}" acetone. "When dried to 
constant weight in tacuo over calcium chloride and paraffin at 
room temperature, the salt retained acetone of crystallization. 
This was shown by the analysis and by the strong iodoform 
test given by the distillate from the aqueous solution. The salt 
decomposes at 168° with preliminaiy darkening. It is easily 
soluble in water, the solution giving a violet color with ferric 
chloride. 

0.2657 gm. of substance gave 0.1067 gm. AgCl. 

Calculated for CnHjoOjN’sCl iCHjCOCHj: Cl = 10.00 per cent. 

Found; Cl = 9.94 per cent. 

Benzeneazo-m-chloroacetylaminophenol. A solution of 1.5 grams 
of aniline, diazotized in the usual way, was added to a well stirred 
solution of 2.8 grams of wz-chloroacetylaminophenol in about 400 
cc. of ice water containing 2.4 grams of sodium hydroxide. After 
fifteen minutes, the dye was salted out from the dark red-brown 
solution, ground up to a paste with ice water, stirred well, and 
treated with a slight excess of dilute sulphuric acid. The product 
was filtered off, washed well with cold water, and recrystallized 
twice from absolute alcohol, forming minute, golden, interlaced 
needles. Yield: 3 grams. The compound melts at 200° (cor- 
rected) with decomposition. It is soluble in sulphuric acid with 
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a brown-orange color and gives a j^ellow solution with dilute 
sodium -hydroxide which dyes silk a very pale yellow shade. 

0.1095 gm. of substance gave 14.0 cc. N (765 mm. and 23°). 

Calculated for CuHisOjNaCl: N = 14.51 per cent. 

Found: N = 14.44 per cent. 

Benzeneazo-vi-chloroacetylaminophenol and hexamethyknclelrwn- 
me. As the insolubility of the dye in chloroform prevented 
the use of this solvent, the components were heated in a sealed 
tube with dry acetone at 100° for about one and one-half hours. 
The crude product was ground up and boiled out ivith dry acetone. 
The yellow salt thus obtained decomposes from 202 to 230°. 
It is insoluble in water, but readil 3 ’- gives a clear, orange solution 
with a little dilute sodium h^'^droxide, dyeing silk a pale yellow 
shade. 

0.2835 gm. of substance (Carius) gave 0.0895 gm. AgCl. 

Calculated for CioHnOiNrCl: Cl = S.25 per cent. 

Found: Cl = 7.81 per cent. 

p-Chloroacetylaminophenyl chhroacetatc. This substance was ob- 
tained in an attempt to prepare p-chloroacetylaminophenol by 
the pywidine method. On pouring the reaction mixture into 
iced 25 per cent sulphuric acid, only a small amount of precipi- 
tate was obtained. This was washed well witli water and re- 
cry'^stallized first from absolute alcohol, then toluene, forming 
practicallj'- colorless spears softening at 168° and melting at 170-1° 
(corrected). The substance is insoluble in dilute acids or alkalies 
and is saponified by'' wanning with dilute sodium hydroxide. 

0.2062 gm. of substance (Kjcldnhl) required 7.90 cc. ^ HCl. 

0.2769 gm. of substance gave 0.3026 gm. AgCl.’ 

Calculated for CioHsOjNCfi: N = 5.35 per cent; Cl = 27.06 per cent. 

Found: JM = 5.37 per cent; Cl = 27.04 per cent. 

Chloroacetyl-o-anisidine. In spite of the fact that this sub- 
stance was used by Majert-® and Prerichs® we were unable to find 
a description of it in the literature. We prepared it in the usual 
manner from o-anisidine in benzene solution, aqueous sodium hy- 

-® D. E. P. 59121; Fricdlaendcrs Forlschr. d. Tcerfarhenfabrikalion, iii, 
p. 915, 1890-94. 



W. A. Jacobs and M. Heidelberger ' 135 


droxide, and chloroacetyl chloride. The benzene layer was 
shaken out successively with dilute hydrochloric acid, water, 
sodium carbonate solution, and water, and finally dried and 
evaporated to small bulk in vacuo. The residue cry^staUized 
on chilling and rubbing, and, after two recrystallizations from 
absolute alcohol with the aid of a freezing mixture, formed flat 
needles melting at 48-8.5° (corrected) trith slight preliminarj' 
softening. It is readily soluble at room temperature in the 
usual organic solvents except ligroin, and gives a faint pink color 
with sulphuric acid. 

0.3329 gm. of substance (Kjeldahl) required 16.S cc. -nr HCl. 

Calculated for CsHioOjXCl; X = 7.02 per cent. 

Found: X = 7.07 per cent. 

CMoroaceiyl- 0 -anisidine and hexamethylenetetramine. The solu- 
tion obtained by boiling the components in dry chloroform was 
evaporated to small bulk. The salt separated out in almost 
quantitative 30614 after the addition of dr}-^ ether. It melts at 
151-3°, is readil}' soluble in water, and dissolves in sulphuric 
acid with a violet-rose color, 

0.2247 gm. of substance required 6.65 cc. AgXOj Solution I. 

Calculated for CisHjsO-XsCl: Cl = 10.44 per cent. 

Found: C! = 10.42 per cent. 

a-Iodopropionyl-o-anisidine. 11.5 grams of a-iodopropion}’’! 
chloride^^ were added, drop by drop, to a solution of 16 grams of 
o-anisidine in alcohol-free ether, with cooling and stirring. After 
warming for a few' minutes, the mixture was allowed to stand in 
the ice box for several da 3 's. The o-anisidine hydrochloride was 
filtered off and the filtrate shaken out successively wth dilute 
h 3 'drochloric acid containing a little sodium bisulphite, with 
water, dilute sodium carbonate solution, and water. The ether 
solution w'as then dried over calcium chloride, evaporated to 
diymess, and the residue reciystallized from ligroin, forming 
pale cream-colored, felted needles. Yield: 14.9 grams. It is 
readil 3 ' soluble in the usual organic solvents. Reciystallized 
from diy', alcohol-free ether, it forms delicate needles melting at 
95-6.5° (corrected) with slight preliminaiy softening. 

*' E. Abderhalden and M. Guggenheim: Ber. d. devisch. chem. Gevellsch., 
xli, p. 2855, I90S. 
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0.3119 gm. of substance (Kjeldahl) required 10.2 cc. HCl. 

Calculated for CioHjsOjNI: N = 4.59 per cent. 

Found: N = 4.5S per cent. 

When heated with hexamethylenetetramine in diy chloroform 
or dry acetone, the substance yielded, in addition to unchanged 
materials, only hexamethylenetetraminium iodide. 

/3-Iodopropionyl chloride. This was prepared essentially accord- 
ing to Abderhalden and Gressel,^® who, however, did not describe 
their product. The chloride boils at 80.5-1.5° at 15 mm., and, 
after shaldng with mercury to remove a small amount of dis- 
solved iodine, forms a practically colorless, heavy, strong smell- 
ing oil. 

0.1702 gm. of substance required 7.88 cc. AgNOj Solution I.‘® 

Calculated for C3H4OCII: Cl = 16.24 per cent. 

Found : Cl = 16.30 per cent. 

ff-Iodopropionyl-o-anisidine. This was prepared in the same 
way as the a-iodo analog. The reaction mixture was well shaken 
and allowed to stand about two hours before filtering off the hy- 
drochloride of the amine. It Avas found necessary to use a large 
volume of ether in order to prevent the acyl derivative from 
crystallizing out with the hydrochloride. Yield: 19.4 grams 
from 19 grams of o-anisidine and 15 grams of ^-iodopropionyl 
chloride, after recrystallization from dilute alcohol. Recrystal- 
lized first from methyl alcohol and then benzene, the compound 
forms colorless, irregular plates Avhich soften at 88° and melt 
at 89-91° (corrected). It is much less soluble than the a-isomcr. 

0.3113 gm. of substance (Kjeldahi) required 10.1 cc. HCl. 

Calculated for CioHuOsNI; N = 4.59 per cent. 

Found: N = 4.54 per cent, 

/?-/ odopropionyl-o-anisidine and hexamethylenetetramine. A solu- 
tion of equimolecular amounts of the components in drj'- chloro- 
form was heated to the boiling point, whereupon the salt started 
to separate in thin, glistening, micro-platelets. After boiling 

E. Abderhalden and E. Gressel: Ztschr.f. physiol. CAcm., l.vxiv, p. 
476, 1911.' 

Hydrolysis with cold, dilute, aqueous ammonia. 
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for fifteen minutes, the salt was filtered off. Additional quan- 
tities were obtained by longer boiling of the filtrate. The salt 
melts at 172-3° and is verj' difficultly soluble in water. 

0.2237 gm. of substance required 5.15 cc. AglsOj Solution I. 

Calculated for CuHsiOjJfjI: I = 28.51 per cent. 

Found: I = 28.98 per cent. 

Chloroacetyl-<a-o-anisidinoacelophenone. 7.5 grams of phenacyl- 
o-anisidine’° were dissolved in benzene and 2.9 cc. of chloroacetjd 
chloride slowly added, with cooling and shaking. The mixture, 
which had turned green and contained a curdy precipitate, was 
warmed about three hours on the water bath, h 3 'drochloric acid 
being evolved. After cooling, the solution was filtered and 
treated with several volumes of ligroin. An oil precipitated, which 
soon solidified and was reci 3 ’’stallized from dilute alcohol, with 
bone-blacking. In this waj" were obtained 7.7 grams of prisms. 
Recrystallized from methjd alcohol, the substance forms pris- 
matic needles melting at 101.5-2.5° (corrected). It is soluble 
in benzene, difficultly in cold raethjd alcohol and ether. 

0.3305 gm. of substance (Kjeldahl) required 10.15 cc. fy HCl. 

Calculated for CuHuOjNCl: N = 4.42 per cent. 

Found: N = 4.30 per cent. 

Chloroacetyl-(M-o-anisidinoacetophenone and hexamethylenetetram- 
ine. After the chloroform solution of the components had been 
boiled for about twelve hours, the small amount of precipitate 
was filtered off and the solution allowed to stand. The salt slowly 
separated in poor jield in the form of colorless micro-prisms. It 
melts at 145° with decomposition and is readilj'' soluble in water 
and alcohol. The solution in sulphuric acid has a pale brownish 
yellow color. 

0.2501 gm. of substance required 5.73 cc. AgXOj Solution I. 

Calculated for CiaHjgOjN'sCl: Cl = 7.75 per cent. 

Found: Cl = 8.06 per cent. 

Chloroacetyl-p-anisidine. This substance was also used b 3 ’- 
Alajert^® and Frerichs,® but was not described. It was prepared 
by us in the usual way from p-anisidine in benzene solution, 
aqueous sodium hydro.xide, and chloroacet 3 d chloride. Ligroin 

’°M. Busch and G. Hefele: Jour. f. -pral-t. Chem., l.xxxiii, p. 442, 1911. 
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50 cc. of benzene added to redissolve the free base. To the 
mixture were added, drop bj’- drop and with cooling and shak- 
ing, 20 grams of chloroacetjd chloride. The -mixture was made 
distinctly alkaline with sodium hydroxide and shaken out with 
ether. The upper laj’-er was dried and concentrated until the 
ether had distilled off. On adding ligroin cautiously to the 
benzene solution, this set to a thick mass of microscopic needles. 
These Avere filtered off and w'ashed with ligroin. Yield: 21 
grams. For analysis, the substance was recrystallized from 
ligroin and then melted at 63-4.5° (corrected). It does not keep 
well in the crude state. 

0.2078 gra. of substance required 6.7 cc. AgNOj Solution I.” 

Calculated for CuHoiOjNoCl: Cl = 11.34 per cent. 

Found: Cl = 11.35 per cent. 

p-Chloroacetylammobe72zoic acid diethyla^iimoethyl ester and 
hexamethyleneietramme. To the clear chloroform solution were 
added several volumes of dry 'acetone. On cooling, tlie solution 
set to a thick mass. This Avas filtered off, Avashed Avith acetone, 
and recrystallized by dissolving in a little chloroform and jire- 
cipitating with dry acetone. It Avas not found possible to fur- 
ther purify the salt. It forms lenticular micro-platelets Avhich 
sinter at 126° and melt at 128-9°. 

0.0768 gm. of substance (Kjeldahl) required 9.9 cc. HCl. 

0.1744 gm. of substance required 8.76 cc. AgNOj Solution II. 

Calculated for CsiHjjOjNcCl: N = 18.55 per cent; Cl = 7.84 per cent. 

Found: N = 18.05 per cent; Cl = 9.34 per cent. 

7n-Chlo7'oaceiyla7)imoacctophcno7ie, 21.5 grams of ??;-amino- 
acetophenone AAmre chloroacetylated in the usual manner, the 
mixture being alloAA'cd to become AAmrm in order to ensure com- 
plete solution of the amine. After cooling, the chloroacctyl 
deriAmtiAm aa’US filtered off and Avashed AAuth A\mtcr and toluene. 
After bone-blacking in benzene, the product AA’as obtained by 
addition of ligroin to the hot, filtered solution. Yield: 23.5 
grams. Eecrystallized from absolute alcohol, the substance 
forms prisms melting at 113.5-14.5° (corrected). It is rather 
difficultly soluble in cold absolute alcohol, benzene, and ether, 
more I’eadil}'" in chloroform and acetone. It turns a pale giccnish 
yelloAV in sulphuric acid and dissohms Avith a very faint color. 
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0.3154 gm. of substance (Kjeldahl) required 14-90 cc. jb HCl. 

Calculated for CioHioOjNCl: N = 6.62 per cent. 

Found: = 6.61 per cent. 

m-Chloroacelylaminoaceiophenone and hexajnelhyleneielramine. 
The salt forms micro-platelets which melt with decomposition at 
165-6°. It is rather difficulty soluble in water. With absolute 
alcohol, it changes to a mass of hair-like needles. Sulphuric 
acid turns the salt yellow and dissolves it with a pale greenish 
yellow color. 

0.2183 gm. of substance required 6.12 cc. AgN'Oj Solution I. 

Calculated for CitHjiOjXtCl: Cl = lO.OS per cent. 

Found: Cl = 9.94 per cent. 

'p-Chloroacetylaminoleiicomalachite green. 5 grams of amino 
compound were chloroacetj'lated in benzene solution in the 
presence of an excess of two-normal sodium hydroxide solution. 
It was found convenient to carry out the operation in a separa- 
tory funnel, owing to the vigorous shaking required for the decom- 
position of the difficultly soluble addition products first formed 
upon addition of the chloride to the mixture. The benzene 
solution was washed with water, dried over sodium sulphate 
and evaporated to small bulk. A portion of the dark green 
sjTup thus obtained was taken up in alcohol, water added until 
slightly turbid, and allowed to stand, with occasional rubbing. 
The pale greenish micro-crystals finally deposited Avere recr 3 ’’stal- 
lized from absolute alcohol with the aid of a freezing mixture. 
The compound sinters above 80° and gradually softens to a tar 
when rapidly heated. 

0.1592 gm. of substance (Carius) gave 0.0539 gm. AgCl. 

Calculated for CisHisONjCl; Cl = 8.41 per cent. 

Found: Cl = 8.37 per cent. 

p-ChloroacetylaminoleucomalacIiile green and hexamelhyleneielram- 
ine. The crude, dark green syrup resulting on evaporation 
of the benzene laj’^er obtained in the chloroacetylation of 5 grams 
of amino compound was taken up in 10 cc. of dry chloroform. 
2 grams of hexamethjdenetetramine were added and the mixture 
Avas boiled for one hour. Most of the chloroform Avas boiled off 
from the clear green solution and drA' acetone added. The solu- 
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tion was poured off and the residue again treated with dry ace- 
tone. On standing over night, the salt separated from the 
acetone solutions as a nearly colorless powder. In subsequent 
preparations, it was merely necessary to add dry acetone to a 
concentrated chloroform solution of the salt and seed the solu- 
tion with a crystal from the first experiment. The salt melts 
at 189-90° with decomposition, and is insoluble in water, dis- 
solving readily, however, in dilute mineral acids. Yield; 5.6 
grams. 

0.2250 gm. of substance gave 0.0587 gm. AgCl. 

Calculated for C31H40ON7CI: Cl = 6,31 per cent. 

Found: Cl = 6.45 per cent. 

o-Chloroacetylamino-p' , p"-tetraethyldiaminotriphemjlmethanc and 
hexamethylenetetramine. Starting with o-aminO'p',p"-tetraethyl- 
diaminotriphenylmethane, the chloroacetyl derivative was ob- 
tained as a dark green syrup and was added to he.xamethylene- 
tetramine in the same way as in the case of the preceding 
substance. The chloroform solution was evaporated to diyness 
in vacuo, treated with dry acetone, filtered, and again evaporated 
in vacuo. On adding a mixture of ether and water, the colored 
impurities were taken up by the ether while the salt remained 
suspended in the aqueous layer in the form of colorless micro- 
platelets. These were filtered off, washed alternately with 
water and ether, and dried. The product melts at 177-8° with 
decomposition and dissolves readily in dilute mineral acids. 

0.1739 gm. of substance required 2.8 ec. AgNOa Solution I. 

Calculated for C35H48ON7CI: Cl = 5.74 per cent. 

Found: Cl = 5.67 per cent. 

p-Chloroacetylamino-p' ,p'*-teiraethyldiaminotriphenyhnethane and 

hexamethylenetetramine. The p-amino compound was chloro- 
acetylated and the crude product added to hexamethylenetetram- 
ine in the same way as in the preceding e.xamples. After boil- 
ing off the chloroform, several volumes of dry acetone were 
added, whereupon the salt ciystallized out on scratching. The 
precipitate of micro-plates was filtered off and washed well with 
dry acetone, practically all the green color being remor'ed in this 
way. The salt is insoluble in water, but dissolves readily in one 
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molecular equivalent of dilute mineral acid. It melts at 168-9'’. 
Yield: 5.5 grams, from 5 grams of amino compound. 

0.2131 gm. of substance required 3.6 cc. AgKOj Solution I. 

Calculated for CjsHisONsCl; Cl = 5.74 per cent. 

Found : Cl = 5.95 per cent. 

6-Chloroacetylaminoquinoline. 12 grams of 6-aminoquinoline 
were chloroacetylated in the usual way in benzene solution with 
chloroacetyl chloride and an excess of normal sodium hydroxide 
solution. The substance separated as an oil, which soon solidified. 
This was filtered off, washed with water and benzene, and re- 
crystallized, with bone-blacking, from a mixture of benzene and 
toluene. Yield: 9.9 grams of minute prisms which melt to a red 
tar at 153-5'’ after turning red. The substance is very soluble 
in alcohol and is veo^ irritating to the mucous membrane. 

0.2022 gm. of substance gave 22.42 cc. N (767.5 mm. and 21.5'). 

Calculated for CuHsONjCl; N = 12.79 per cent. 

Found; N = 12.69 per cent. 

The hydrochloride was precipitated from the mother liquors 
from the recrj'stallization b}' passing in a stream of hydrochloric 
acid gas. It was recrj'stallized by dissolving in 85 per cent 
alcohol and adding acetone to the warm solution. The salt 
forms thin, pale red-brown platelets which turn brown above 
220°, then darken and sinter, and finally decompose above 250°. 
It is verj' irritating to the mucous membrane and is easily 
soluble in water, yielding an orange solution. 

0.1797 gm. of substance required 7.2 cc. jji NaOH for neutralization. 

Calculated for CnHsO^CaCl'HCl; HCl = 14.19 per cent. 

Found: HCl = 14.49 per cent. 

d-Chloroaceiylaminoquinoline and hexamethyleneietramine. The 
crude salt was washed well and ground up with dry chloroform 
and then treated in the same manner with drj^ acetone. It 
forms pale drab-colored micro-platelets which dissolve readily 
in water and melt with decomposition at 203-4°. 

0.4316 gm. of substance required 11.63 cc. AgSO, Solution I. 

Calculated for CiTHsiOXeCl; Cl = 9.83 per cent. 

Found; Cl = 9.49 per cent. 
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With but one exception, the hexamethylenetetraminium salts 
described in this paper are purely of aliphatic origin and were 
obtained from the halogenacyl compounds and hexamethylene- 
tetramine by the methods described in the previous papers. 
The salts are all easily soluble in water. On standing, more 
rapidly on warming, the solutions decompose with the liberation 
of formaldehyde and other products, which, contrary to the 
behavior observed with the aromatic compounds, remain in solu- 
tion. A search of the literature has revealed to us the descrip- 
tion of the chloroacetyl derivative of but one simple aliphatic 
amine; viz., chloroacetylallylamme.* Our work has necessitated 
the preparation of the chloroacetyl compounds of several of the 
simpler amines and the preparation and properties of these will 
be found below. 

EXPERUrENTAL. 

(I) Monohalagenacyl derivatives 0 / simple amines. 

Chloroacetamide may be easily prepared in excellent jdeld as 
follows: Ethyl chloroacetate is well cooled in a freezing mixture 
and vigorously turbined. Two volumes of well cooled, concen- 
trated aqueous ammonia are then added. The reaction occurs 
smoothly with the formation of a thick paste of the amide. After 

‘ C. Harries and I. Petersen: Ber. d. deutsch. chem. Gesellsch.,-s\\ii, 
pp. 635 and 1758, 1910. 

H5 
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standing several hours at room temperature, the product is filtered 
off, washed, and dried, and then agrees in properties with those 
described in the literature. 

Chloroacetamide and hexamethylenetetramine. This substance 
was first prepared by Einhorn and Gottler,^ with whose descrip- 
tion our preparation agreed. 

a-Iodopropionamide. 27 cc. of concentrated aqueous ammonia 
were diluted to about 50 cc., placed in a freezing mixture, vigor- 
ously turbined, and treated with 30 grams of a-iodopropionjd 
chloride,® added drop by drop. After about half an hour’s stir- 
ring, the amide was filtered off. In the crude state it turned 
slightly yellow, but lost its sensitiveness to light after reciystalli- 
zation from water. Yield: 20.5 grams. Eeciystallized from 
toluene, the amide forms long, glistening needles which soften 
and turn yellow above 150° and melt at 159-60.5° (corrected). 
It is difficultly soluble in benzene, toluene, and cold water. The 
aqueous solution, boiled with a little silver nitrate, gives a copious 
precipitate of silver iodide. 

0.4165 gm. of substance (Kjeldahl) required 21.0 cc. -nr HCl. 

Calculated for CjHeONI: N = 7.01 per cent. 

Found: N = 7.06 per cent. 

Under the conditions used, the amide did not jdeld a quater- 
nary salt Avith hexamethylenetetramine. 

/3-Iodopropionamide. This was prepared from 30 grams of 
/S-iodopropionjd chloride'* in the same way as the a-compound. 
In the crude state the amide rapidly turns pink, but loses its 
sensitiveness to light after bone-blacking and reciystallizing 
from Avater. Yield: 20 grams. According to Henry,® Avho 
prepared the amide from methyl j8-iodopropionate and aqueous 
ammonia, it melts at 100-1°. Our preparation Avas reciystallized 
from toluene, forming feathery plates AAdiich melted to a yelloAV 
liquid at 141.5-2.5° (corrected) Avith preliminary softening. 

- A. Einhorn and M. Cottier: Ann. d. Clicni., cccl.\i, p. 150, 1908. 

2 E. Abderhalden and M. Guggenheim: Bcr. d. dcutsch. chcm. Gcsellsch., 
xli, p. 2855, 1908. 

< E. Abderhalden and E. Gressel: Ztschr. f. physiol. Chcm., Ixxia', p. 
476, 1911, and Paper III of this series (this Journal, x.xi, p. 103, 1915). 

‘ L. Henrj': Compi. rend. Acad. d. sc., c, p. 117, 1885. 
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It is dif&cultty soluble in benzene and toluene and is fairly soluble 
in cold water. 

0.3611 gm. of substance (Kjeldahl) required 1S.50 cc. to HCl. 

Calculated for CjHnOKI: N = 7.01 per cent. 

Found: N = 7.17 per cent. 

P-Iodopropionamide and hexameihyleneieiramine. 12 grams of 
amide and 8.5 grams of base are dissolved in about 750 cc. of 
commercial acetone, wbich is then boiled gently for about three 
hours in a water bath heated to 60-70°. After a short time, 
the salt begins to separate in the form of broad, glistening needles, 
and care must be taken to keep within the limits of temperature 
given in order to avoid superheating on the bottom and sides of 
the flask and consequent decomposition of the heavy precipitate. 
Yield: 16.1 grams. The salt melts with decomposition at 169-70°. 

0.1769 gm. of substance required 5-28 cc. AgNOj Solution I.* 

Calculated for CjHuOXjI: I = 37.43 per cent. 

Found: I = 37.58 per cent. 

Chloroacelmethylamide. 13 grams of methylamine h 3 'drochloride 
(in aqueous solution) were well cooled and treated nith 190 cc. 
of 10 per cent sodium hydro.xide solution. The solution was then 
placed in a freezing mixture, well turbined, and treated, drop 
by drop, with 23 grams of chloroacetjd chloride. After making 
slightly acid with hydrochloric acid, the mixture was e.xtracted 
twelve times with chloroform. This was dried over calcium 
chloiide, evaporated to small bulk, diluted with ligroin, and 
placed in a freezing mixture. The amide cr 3 ’'stallized out and 
was filtered off in the cold. Yield: 9.3 grams. Ileci 3 ’’stallized 
from dry, alcohol-free ether with the aid of a freezing mixture, 
the compound forms delicate needles melting at 45-6° (cor- 
rected) ndth preliminarj^ softening. It is easily soluble at room 
temperature in water and the other usual solvents. When 
exposed to the air, it slowl 3 ’- volatilizes. 

0.2040 gm. of substance (Kjeldahl) required 18.90 cc. to HCl. 

Calculated for CjHeONCl: K = 13.03 per cent. 

Found: N = 12.97 per cent. 

‘ 1 cc. = 0.00352 gm. Cl; 0.01259 gm. I. 
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Chloroacetinethylamide and hcxamethylencieir amine. The salt 
gradually precipitates on boiling a solution of the components 
in diy chloroform. When heated, it turns brown and melts with 
decomposition at 173-4°. It is very soluble in water. 

0.2141 gm. of substance required S.60 cc. AgNO, Solution I. 

Calculated for CgHigONsCl: Cl = 14.32 per cent. 

Found: Cl = 14.14 per cent. 

CJdoroacetdimethylamidc. 30 grams of 33 per cent aqueous 
dimethylamine solution were diluted with an equal volume of 
water, cooled in a freezing mixture, and treated with 230 cc. of 
double normal sodium lydroxide solution. 19.6 cc. of chloroacetyl 
chloride (1.1 mols.) were then added, drop by drop, with vigorous 
shaking. At the end, the solution was made slightly acid with 
acetic acid and shaken out six times with ether. This was dried 
over calcium chloride, evaporated to small bulk, and the residue 
fractionated in vacuo. Yield; 6.6 grams, boiling at 11 mni. 
at 98.5-9.5° (corrected, thermometer in vapor, bath at 130-5°). 
The amide crystallizes in a freezing mixture and melts at 15.5° 
(corrected). It is miscible in all proportions wuth water and 
alcohol and is veiy irritating to the skin. 

0.2437 gm. of substance’ required 37.36 cc. AgNOj Solution II.' 

0.5079 gm. (Kjeldahl) required 41.20 cc. ^ HCl. 

Calculated for C^HsONCl: N = 11.53 per cent; Cl = 29.17 per cent. 

Found: N = 11.37 per cent; Cl = 2S.52 per cent. 

Chloroacetdimelhylamidc and hexamelhylenctetr amine. The clear 
solution obtained by dissolving the components in dry chloroform 
and boiling for one hour was evaporated to small bulk. The 
addition of several volumes of dry acetone resulted in the precipi- 
tation of a gum which crystallized on rubbing. The salt was 
pulverized, boiled with dry acetone, and dried. It melts at 
160-2° to an orange liquid and is extremely soluble in water. 
It also dissolves in chloroform and alcohol. 

0.2148 gm. of substance required 15.30 cc. AgNOj Solution II. 

Calculated for CioHjoONjCl: Cl = 13.55 per cent. 

Found: Cl = 13.25 per cent. 


’ Hydrolysis with alcoholic sodium hydro.\:ide solution. 
' 1 cc. = 0.00186 gm. Cl. 
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Chloroaceielhylamide. This was prepared in the same way 
as the dimethyl isomer. 100 grams of 33 per cent aqueous 
ethylamine solution jdelded 71 grams of amide, boiling at 97.5-; 
8.5° at 13 mm. and melting at 22-2.5° (corrected). 

0.0830 gm. of substance (Kjeldahl) required 6.9 cc. HCl. 

Calculated for CiHsONCl; N = 11.53 per cent. 

Found: N = 11.64 per cent. 

Chloroaceteihylamide and hexamethylenetetramine. The salt sep- 
arates slowty from a boiling solution of the components in dry 
chloroform as thick, hexagonal plates. It darkens above 160° 
and melts with decomposition at 167-8°. It is verj’- soluble 
in water. 

0.2037 gm. of substance required 7.75 cc. AgNOj Solution I. 

Calculated for CioH»ONeC 1: Cl = 13.55 per cent. 

Found: Cl = 13.39 per cent. 

Chloroacetdiethylamide. The onl}'^ variation from the procedure 
employed in the previous cases was that the reaction mixture 
was e.xtracted ten times with chloroform. 15.2 grams of di- 
ethylamine jdelded 11 grams of highly refracting hquid boiling 
at 125.5-30.5° at 21-2 mm., of which most boiled at 126.5-8.5° 
at 21 mm. It is easily soluble in water but not miscible trith it 
in all proportions. It has a piquant odor which is pleasant at 
first but soon irritates the mucous membrane. 

0.1382 gm. of substance (Kjeldahl) required 9.5 cc. tV HCl- 

Calculated for CeHuONCl: N = 9.37 per cent. 

Found : N = 9.82 per cent. 

Chloroacetdiethylamide and hexamethylenetetramine. The solu- 
tion of the components in dry chloroform was boiled one hour, 
filtered from a small amount of what was probably he.xamethylene- 
tetraminium chloride, and concentrated to small volume. About 
four volumes of dry acetone were then added, causing the gradual 
deposition of- the salt in glistening rhombs. These were pul- 
verized and boiled with dry acetone. The salt melts at 174° 
to a turbid liquid which, on further heating, clears up, darkens, 
and finally effervesces above 190°. It is very soluble in rvater 
and also dissolves in chloroform and alcohol. 
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0.2020 gm. of substance required 7.07 cc. AgNOj Solution I. 

Calculated for Ci2H240N6Cl: Cl = 12.27 per cent. 

Found: Cl = 12.82 per cent. 

Chloroacetpiperidide. 25 grams of piperidine were dissolved 
in about 150 cc. of diy, alcohol-free ether and cooled with ice 
water. To the solution was added, drop by drop, with con- 
tinued cooling and shaking, a solution of 12 cc. of chloroacetyl 
chloride in dry, alcohol-free ether. After standing a short time, 
the mixture was shaken successively with small amounts of water, 
dilute hydrochloric acid, and dilute sodium carbonate solution. 
It is probable that the chief loss occurred at this point. The 
ethereal layer was dried over sodium sulphate, evaporated to 
small bulk, and fractionated in vacuo. After two distillations, 
the substance was obtained as a moderatelj'' viscous, practically 
colorless oil boiling at 12.5 mm. at 143.5-5.5° (corrected, ther- 
mometer in vapor, bath at 155-75°), of which the greater part 
boiled at 144°. Yield: 8.7 grams. It is irritating to the mucous 
membrane and is soluble in cold water. 

0.1924 gtn. of substance gave 16.25 cc. N (753 mm. and 26.7°). 

Calculated for CrHuONCl; N == S.67 per cent. 

Found; N = 9.15 per cent. 

Chloroacetpiperidide and hexamethylenetetramine. The viscous 
solution obtained by boiling the components for two hours in a 
little dry chloroform was filtered, after -which it set to a crystal- 
line mass. On adding dry acetone, almost all the salt went into 
solution, precipitating out again almost immediately. The 
product was filtered off and boiled for one hour with dry acetone 
to remove chloroform of crystallization. The salt forms micro- 
platelets which dissolve easily in water. It becomes pasty at 
168-70° and melts completely at 184° with gas evolution. 

•0.1951 gm. of substance required 11.88 cc. AgNOj Solution II. 

Calculated for CuHj^ONcCl: Cl = 11.75 per cent. 

Found: Cl = 11.33 per cent. 

Meihylenehisiodoacetamide. This was prepared from methylene- 
bischloroacetamide® and sodium iodide in dry acetone. On 

s A. Einhorn and T. Mauermaj’cr: Ann. d. Client., ceexliii, p. 284, 1905. 
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warming the mixture for a short time sodium chloride precipi- 
tated and the new compound separated out. Water was added 
and the precipitate filtered off and reciystallized twice from acetic 
acid. It forms arborescent masses of thin plates which darken 
above 220° when rapidlj’- heated, and decompose at 227-9° with 
evolution of iodine. 

0.2215 gm. of substance (Kjeldabl) required 12.05 cc. •iff HCl. 

Calculated for CsHtOsK'jIj: N = 7.34 per cent. 

Found : K = 7.62 per cent. 

The hexamethylenetetramme addition product of the com- 
pound could not be obtained in a state of purity. 

EthylenebiscMoroacetamide. 15 grams of ethylenediamine hy- 
drochloride were dissolved in water and chloroacetylated in the 
usual manner with chloroacetyl chloride and sodium hydroxide. 
The product separated immediately in a state of purity. Yield: 
14 grams. Recrystallized first from 85 per cent alcohol, then 
acetic acid, the substance forms prismatic needles melting at 
17-4-6° (corrected) with preliminary softening. It is difficultl}’’ 
soluble in the cold in the usual solvents. 

0.1219 gm. of substance gave 14.15 cc. K (768 mm. and 22.4°). 

Calculated for CeHioOsKsCIs: N = 13.15 per cent. 

Found: N = 13.19 per cent. 

(S) Chloroacetylureas and urethanes. 

Chloroacetylurea and hexamethylenetetramine. Equimolecular 
amounts of the components were boiled in acetone for four hours. 
The salt gradually separated in the form of plates which melted 
with decomposition at 176-7° when freshly prepared, but showed 
a melting point of 191-2° after standing for some weeks. It 
is verj’- easily soluble in water. 

0.1992 gm. of substance required 7.20 cc. AgNOj Solution I. 

Calculated for CjHnOjNsCl: Cl = 12.82 per cent. 

Found: Cl = 12.72 per cent. 

Chloroacetylmethylurea^’^ and hexamethylenetetramine. Equimolec- 
ular amounts of the components were dissolved separately in 

««G. Frerichs: Chem. Zeniralbl., Ixx, pt. ii, p. 285, 1899. 
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hot acetone and the solutions mixed. The salt soon began to 
separate in long needles which were filtered off after forty-eight 
hours. It sinters at 149-51° and gradually melts, decomposing 
at 178°. It is very soluble in water. 

0.2129 gm. of substance required 7.1 cc. AgNOj Solution I. 

Calculated for CioHioOjNeCl: Cl = 12.20 per cent. 

Found: Cl = 11.74 per cent. 

Chloroacetylhenzijhirea. One mol. of benz 3 durea was suspended 
in dry benzene and 1.1 mols. of chloroacetyl chloride were added. 
The mixture was boiled until the evolution of hydrochloric acid 
ceased, after which the chIoroacet 5 d derivative crystallized out 
on cooling. Recrystallized from absolute alcohol, it forms glis- 
tening needles which melt at 153-5° (corrected). It is difficultly 
soluble in the cold in absolute alcohol, benzene, chloroform, and 
acetone. 

0.2571 gm. of substance (Kjeldahl) required 22.65 cc. HCI. 

Calculated for CjoHnOsNsCl: N = 12.37 per cent. 

Found: N = 12.34 per cent. 

Chloroacetylbemyhirea and hexamethylenetetramine. After a 
few minutes’ boiling, the salt separated from the solution of the 
components in diy chloroform as a mass of long, silk}’’ needles. 
Heating was continued for about fifteen minutes, after which 
the product was filtered off, washed with chloroform, and boiled 
with acetone. It is readily soluble in water and melts at 160°. 

0.2125 gm. of substance required 5.76 cc. .‘YgNOj Solution I. 

Calculated for CicHjjOjNoCl: Cl = 9.C7 per cent. 

Found: Cl = 9.53 per cent. 

Chloroacetylurethane^° ond hexamethylenetetramine. A solution 
of the components in dry chloroform was boiled for one-half 
hour and allowed to stand over night. The salt thus obtained 
in almost quantitative yield melts at 166-7° and is very soluble 
in water. 

0.2355 gm. of substance required 7.75 cc. AgNOj Solution I. 

Calculated for CnHjoOjNsCl: Cl = 11.60 per cent. 

Found: C) = 11.58 per cent. 
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When W'^arburg discovered that NaOH raises the rate of the 
oxidations in the fertilized eggs of the sea urchin, although it does 
not enter the egg,' he made an important addition to our knowl- 
edge of the localization of oxidations in the cell. He correctly 
concluded that this leaves no doubt that the oxidations raised 
by NaOH must be located at the surface of the egg. If we are 
prepared to admit this, we are compelled to face the possibility 
that the interior of the cell receives little or no oxygen, since 
whatever oxj'gen may diffuse to the egg will be chie%, if not all, 
used up at the surface of the cells. 

In Warburg’s observations the weak base NH4OH had no 
influence on the rate of the oxidations in the fertilized egg, al- 
though it enters the latter. This would be intelligible on the as- 
sumption that no oxidations or practicall3^ none occur inside 
the cell, and that the oxidations at the surface of the cell are 
accelerated by the hydroxyl ion and not by the molecule of the 
base. There are, however, facts which are not in harmony with 
both of these conclusions. Unfertilized eggs of the sea urchin 
as well as of annelids can be induced to develop under the influ- 
ence of bases, and the bases are only active in the presence of 
oxygen. The activating action of the bases is also inhibited by 
the addition of KCN or NaCN.^ The activation of the egg 
consists in a change of the surface layer of the egg (which may or 
may not result in a membrane formation) and the bases bring 
about this change by accelerating or starting certain ox-idations 

> 0. Warburg; Ztschr. f. physiol. Chem., Ixvi, p. 305, 1910. 

* J. Loeb; Artificial Parthenogenesis and Fertilization, Chicago, 1913, 
p. 147 and ff. > b , . 
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in the surface layer or at the surface of the eggs. TJie writer 
showed that for this change the weaker bases NH 4 OH and the 
amines are equally, if not more efficient than the strong bases 
NaOH or tetraethylammoniumhydroxide. We must, therefore, 
conclude either that in this ease the bases accelerate oxida- 
tions not througli the OH ion but by the influence of tire mole- 
cule, or that, if the effect of bases on oxidations is due to the 
OH ion, oxidations cannot be confined to the surface of the egg 
but must take place also inside the egg or at least in the cortical 
layers adjacent to the surface of the egg. 

It was found also that the maximum effect of the weaker bases 
was reached at a comparatively low concentration, while that of 
the strong bases increases steadily with the concentration.® This 
could speak in favor of either possibility. We felt that further 
experiments would be required to clear up this ambiguity. IVe 
chose for our purpose the fertilized egg instead of the unfertilized, 
since in the latter the objection may be raised that the increase 
of the rate of oxidations by bases is merely an indirect one and 
due to the activation of the egg by the base. We selected the 
egg of Arhacia. 

Method and remits. 

Eggs of Arbacia were fertilized in sea water, and then washed 
three times or more in a neutral mixture of “ (NaCl -b KCl + 
CaCk) in the proportion in which these salts occur in the sea 
water. Next a homogeneous suspension of them was made. 
This suspension was divided into several equal parts. One part 
remained in the neutral “ (NaCl -b KCl + CaCb) solution; 
to the other were added varying amounts of NaOH or NH 4 OH, 
and the rate of oxidations for one hour was determined by Wink- 
ler's method. The percentage increase of the rate of oxidations 
of the eggs in the alkali over those in the neutral solution was 
thus ascertained. 

The following two tables give the results of the experiments, 
and the results are expressed graphically in the two curves of 
Fig 1. In this figure the abscissae give the amount of cc. of i? 
base added to 100 cc. of | (NaCl -b KCl -b CaCI=), and the ordi- 
nates represent the rise in the rate of oxidations above that at 

’ J. Loeb and H. Wasteneya; this Journal, xiv, p. 355, 1913. 
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the neutral point. Two facts are salient from these data; namely, 
first, that the effect of NH4OH is considerably greater than we 
should expect if both NaOH and NH4OH acted alike {e.g., only 
at the surface of the egg) and if both acted merely through their 
OH ion concentration; and second, that the curves of the effects 
of both run closely parallel. The falling off of the rate of oxida- 
tions if the concentration of the base exceeds a certain limit 
may be accounted for by a secondarj”^ effect and may remain 
outside of the discussion. 

The fact that NaOH acts more powerfully than NH4OH ex- 
cludes the idea that we are dealing here with an effect of the 



undissociated molecule; and the parallelism in the effects of the 
two bases suggests a common source of their action. Such a 
common source could exist only in the OH ion (if the action of 
the molecule is excluded). The fact that the weak base acts 
more powerfully than we should expect from its degree of. dis- 
sociation indicates that this effect is overcompensated by an 
advantage which the weak base has. This may be the fact’ that 
the weak base diffuses into the egg while the strong base does 
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not/ In this case one can explain all the phenomena on the 
assumption that while the greater part of ox3"gen is consumed at 
the surface of the egg, some diffuses into the egg and is consumed 
in the layers adjacent to the surface; and the more so the nearer 
the surface these laj^rs are. While the weak base can accelerate 
the rate of the oxidations both at the surface and beneath the 

TABLE I. 


Increase in the rale of oxidations of the fertilized egg of Arbacia through 
the influence of NaOH. Temperature 20° C. 


NO. OP EXPERI- 
MENT 

NATURE or SOLUTION 

"A 

0 

mS 

5 

X ® 

0 

5»,2 

5°“ 

O 





I 

Neutral V' (NaCl + KCl + CaCh) 

0.75 

1.00 


100 cc. 4'“(iNaCI + KCl + CaCb) + 1.0 cc. ^ NaOH 

2.01 

2.6S 

1 

1 

100 cc. 14- (NaCl + KCl + CaCh) + 1.6 cc. NaOH 

1.87 

2.49 

II 

Neutral -4 (NaCl + KCl + CaCk) 

0.75 

1.00 

100 cc. (NaCl -h KCl + CaCk) + 0.2 cc. NaOH 

1.08 

1.44 


100 cc. "I- (NaCl -1- KCl + CaCk) -b 0.8 cc. NaOH 

1.82 

2.42 


100 cc. -4 (NaCl 4- KCl + CaCk) 1.4 cc. ^ NaOH 

1.90 

[ ' 

2.53 

III 

Neutral -4 (NaCl + KCl + CaCk) 

0.51 

1.00 

100 cc. A'" (NaCl + KCl + CaCk) + 2.0 cc. NaOH 

1.14 

2.21 


100 cc. -4 (NaCl + KCl + CaCk) + 0.9 cc. w NaOH 

1.2S 

2.50 


100 cc. 4 (NaCl + KCl -f CaCk) + 0.6 cc. ^ NaOH 

1 29 

2.53 


100 cc. 4 (NaCl + KCl + CaCk) + 1-2 cc. w NaOH 

1.15 

2.25 

IV 

Neutral 4 (NaCl + KCl + C.aCk) 

0.47 

1.00 

100 cc. 4- (NaCl + KCl + CaCk) + 0.4 cc. ^ NaOH 

0.85 

1.80 



. - _ _ - — 


_ 


surface layer the strong bases are confined in their action to the 
surface. This would account for the relatively excessive effi- 
ciency of the weak base. 

•* We have thought also of the possibility of a specific effect of the ucak 
base, that would presuppose the action of the undissociated molecule (u iic i 
we have discarded) or of the k.ation; but since we know of the eficc o 
the OH ion, the assumption of an effect of the kation to the exclusion 
the OH ion seemed r.ather forced. 
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We must then still explain the discrepancy between Warburg’s 
observation and ours. Warburg found no effect of NHiOH on 
the rate of oxidation of the fertilized egg, but this can be accounted 
for by the fact that he worked on the egg of a different species. 
Our results in the egg of piirpuratus differ also from those in 
Arbacia. In the fertilized egg of purpurahis the NaOH acted 

table n. 


Increase in the rale of oxidations of the fertilized egg of Arbacia through 
the influence of NH 4 OH. Temperature 20° C. 



I , Neutral « (NaCl + KCl + CaCh) 0.51 j 1.00 

, 100 cc. If ‘(NaCl + KCl + CaCN) + 0.6 cc. ik NH4OH 0 .72 ; 1 .41 
1 100 cc. ?f (NaCl + KCl + CaClo) + 1.2 cc. ^ NH4OH 0.9S | 1 .92 

1 100 cc. 'j' (NaCl + KCl + CaCb) + 1.4 cc. xy NH4OH > 0.81 1 1 .59 

i ' i 

II Neutral (NaCl + KCl + CaClj) 0.64 I 1.00 

1 100 cc. If (NaCl + KCl + CaCli) + 0.8 cc. ^ NH4OH 4 .01 , 1 .58 

1 100 cc. '4 (NaCl + KCl + CaCh) + 1.0 cc. ^ NH4OH j 1 .22 j 1.91 

III Neutral If (NaCl + KCl + CaCb) I 0 32 I 1.00 

100 cc. 5f "(NaCl + KCl + CaCl,) + 1.6 cc. ^ NH4OH 1 0.55 ^ 1 .72 

' ' ' i 

IV Neutral 'I (NaCl + KCl + CaGli) 0.68 > 1.00 

100 cc. ^ "(NaCl + KCl + CaClo) + 0.4 cc. ^ NHaOH } 0 .98 , 1 .44 

100 cc. S (NaCl + KCl + CaCh) + 0.9 cc. ^ NH4OH I 1.44 | 2.12 

V Neutral ¥ (NaCl + KCl + CaCl;) I 0.73 1,00 

100 cc. 'I (NaCl + KCl + CaCb) + 0.2 cc. 4 NH4OH I 0.95 1.30 

100 cc. ^ (NaCl + KCl + CaCh) + 0.85 cc. NHjOH j 1 .38 1 .89 

VI i Neutral ^4 (NaCl + KCl 4- CaCli) J 0.51 1.00 

j 100 cc. V (NaCl + KCl + CaCls) + 2.0 cc. w NH4OH j 0 .80 1 .57 

only when it was used in a verj'- high concentration (>10~^ N), 

in which it must have had an etching effect on the surface;^ while 
in the egg of Arbacia it acted in a much lower concentration. 


‘Loeb and Wasteneys: loc. cit., p. 459 . 



158 


Oxidations in Egg of Sea Urchins 


We are not in a position to account for these specific differences 
in different eggs. 

If our conclusion is correct it compels us to consider not only 
the surface but also the layers adjacent to the surface of a cell 
as the seat of oxidations. According to this view the greater 
rate of oxidations at the surface would be due to the fact that 
the greater part of the available oxygen is used up here so that 
comparative!}' little can diffuse into the cell. 



THE DEVELOPMENT OF ALKALINITY IN GLOMERELLA 

CULTURES. 


Bt HOWARD S. REED and J. THOMAS GRISSOM. 

{From, the Laboratories of Plant Pathology and Bacteriology, Virginia Agri- 
cultural Experiment Station, Blaclxburg. Paper No. SI.) 

(Received for publication, March 22, 1915.) 

In an article recently published^ the writer showed that the 
fungus, Glomerella rufomaculans, gives rise in the course of its 
growth to alkaline conditions in the medium after the process 
of autolysis sets in. It was shown that the conditions of alka- 
linity arose whether the fungus grew upon its natural host, the 
apple fruit, or upon artificial media in the laboratorj^ 

A study of some species of Gloeosporium by Kruger® reports 
the same results when the fungus was grown upon solutions con- 
taining peptone, either with or without dextrose, especially 
where the fungus made considerable growth. The production 
of alkaline conditions in culture media has been for a long time 
known in the study of bacte^iologJ^ 

The present paper gives the results of e.xperiments designed 
to stud}^ further this question. The fungus used was Glomer- 
ella rufomaculans, the cause of the bitter rot of apples. The 
method of making the cultures and the nutrient solution used 
have been described in a former article.® 

The original Czapek’s culture solution is slightl 3 ' acid in re- 
action, but becomes alkaline as the result of the activities of 
Glomerella. A titration of the original medium showed that 
0.2 cc. of alkali was necessarj' to neutralize 100 cc. of solution. 
Titration of the medium after a culture had grorni upon it for 
a month showed that 12.0 cc. of acid was neeessaiy for neu- 
tralization. Another culture developed alkalinitj’’ equal to 18.4 

' H. S. Reed: Virginia Agricultural Experiment Station, Annual Report 
1911-12. 

* F. Kruger: Arb. a. d. hiol. Ansi. Land-, u. Forstirirtsch., ix, p. 233, 1913. 

’Reed: this Journal, xix, p. 257, 1914. 
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Alkalinity in Glomerella Cultures 


cc. Tff alkali in forty-five days. Two cultures which had grown 
three months and had developed a very dark color in the medium 
were titrated after sufficient dilution to permit the use of an indi- 
cator. One culture showed an alkalinity of 14.4 cc. tt nlkmli 
per 100 cc.; the other, 14.8 cc. alkali. 

The first study^ showed that a still greater degree of alkalinity 
might arise when the fungus was grown upon media of differ- 
ent composition. The fungus developed an alkalinity per 100 
cc. equal to 42.8 cc. of ^ acid on a medium consisting of the 
following: 

gm. 


Ammonium phosphate 

Potassium nitrate 

Magnesium sulphate. . 
Lactose (or dextrose). 
Distilled water 


3.0 

1.0 
0.5 
5.0 

100.0 cc. 


In attempting to discover the causes of this alkalinity, severa 
possible conditions were open for investigation; (1) the forraatior 
of carbonates; (2) the formation of free ammonia; and (3) tic 
formation of organic bases. . . 

The formation of carbonates would arise from the action o 
the fungus upon the sugar present in the medium. Sodiuin car 
bonate would be especially likely to be formed through the i cr 
ential absorption of ions by the fungus. In this case where Na j 
w'as supplied the fungus would absorb the nitrate ions more rap 
idly than the sodium ions. The sodium ion wmuld then uni c 
wdth any CO 2 present ivith the formation of a carbonate.® 

In the first place cultures were analyzed for the sodium cue 
potassium. It was found that nearly all the amounts a cc 
were still in the culture medium after the fungus had grou n ^ 
three months. An uninoculated control wdnch requirec • 
cc. of decinormal alkali for neutralization, i.e., was acic , 

81 mg. of sodium and 70.3 mg. of potassium. The avciag^ 
of two cultures showed an alkalinity equal to 24.1 cm 0 c 
normal acid and had 70.5 mg. of sodium and Gb./ mg. 

« Reed: Virginia Agricullural Experiment Station, Annual Report, v- 


1911-12. Ar,nr,fk'Bcitr.z.elirm.PI‘ys- 

6 For studies on'this action sec Ivohn and Cznpek. 

w. Path., viii, p. 302, 1906. Reed: Ann. Botany, xm, P- - 
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potassium. This shows that enough ions were present to form 
soluble carbonates. 

The amoimt of carbonates present in the culture medium was 
next ascertained. For this purpose cultures of different ages 
were filtered through paper and the clear medium was analyzed. 
A number were analyzed by the Fresenius-Classen method and 
others in the Parr total carbon apparatus. The results are 
shown in Table I. 

TABLE I. 


Carbonates in media on which Glomerella had grown. 


AGE j 

coKcmoN j 

METHOD 1 

COi 



i 


cm. 

4 tnos. 

Much darkened j 

Fresenius-Classen | 

0.12S9 

4 

it 

ft ti 1 

U ft j 

0.0649 

1 


White ! 

if ft . 

0.1385 

1 

<( 

Darkened 1 

ft u 

' 0.1330 

1 

<t 

« ‘ 

it ft 

0.1093 

4 

<{ 

i White i 

it ft 

0.1445 

1 

ft 

" ! 

Parr 

, 0 0716 

1 

U 

ft i 

it 

1 0.0901 

1 

U 

“ ! 

tf 

0.0S22 

1 

ft 

Darkened ' 

ft , 

1 0.093 


These results show that considerable carbon dioxide is formed 
b 3 ^ the action of the fungus or its enzymes, although as prerdousl}’’ 
noted the fermentation is not active enough to cause an}’’ measur- 
able loss in weight of the culture.® 

It was stated above that the average amount of Na found by 
analysis was 70.5 mg. If this were combined as carbonate 
it would require 67 mg. CO 2 , an amount which is considerably 
lower than those found by analysis of several of the cultures. 
However, ammonium and potassium carbonates, as well as 
sodium carbonate, would undoubtedly be formed. 

It was ne.xt found that the CO3 content influences the titra- 
tions made to determine acidity, as the following data show. 
A culture two months old was filtered and washed free of adher- 
ing solution. 100 ec. of the medium were then titrated, Using 
methyl red as indicator. 11.7 cc. of decinormal acid were re- 

‘ Reed; Virginia Agricultural Experiment Station, Annual Report, 
p. 70, 1911-12. 
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quired. The solution was boiled for several minutes and again 
titrated, when it required 1.6 cc. of additional acid to bring it 
to the neutral point, or 13.3 cc. of decinormal acid in all. 

A second sample of 100 cc. was boiled and then titrated. It 
required 9.7 cc. of decinormal acid. After a second boiling it 
required 0.9 cc. more acid, or a total of 10.6 cc. This difference 
may be due to the fact that ammonium carbonate was present 
in the solution and was lost by boiling. 

It was next found that some of the alkalinity arose from 
the formation of ammonia. It Avas noted that Kriiger found 
the most alkalinity Avhen peptone (an ammonifiable compound) 
was present in the culture medium. The culture medium men- 
tioned in a foregoing paragraph on which an alkalinity of 42.8 cc. 
decinormal Avas deAmloped contained a rather large amount of 
ammonium phosphate. 

In the experiments Avhere Glomerella Avas grown on Czapek’s 
medium the formation of ammonia Avould be most likely to 
arise from the autolysis of fungous protein, since it Avas shoAvn in 
a former article’ that this fungus produces several enzymes ca- 
pable of acting upon protein. 

The attempt AAms made to study the denitrifying action of Gloiu- 
erella by cultivating it upon Giltay and Aberson’s solution. Tlie 
fungus grcAV so poorly, hoAA'ever, on this medium that no results 
AA'ere obtained. 

The formation of ammonia can be demonstrated by distilling 
the fungous cultures Avith magnesium oxide. To study the 
process of ammonia formation from Aveek to Aveck, a series of 
cultures was analyzed AA'eekly Avith the results given in Tabic H. 

These figures shoAV that after the third Aveek there is a consider- 
able production of ammonia in the cultures. Since the cul- 
tures themselves had individual variations the figures nceessariiy 
vary someAA'hat. The general trend of the analysis is to be taken, 
therefore, rather than individual results. 

It Avill be seen that the nitrate is rapidly used up and that 
there is an increase of nitrogen in the mycelium during the finst 
Aveeks of groAvth. Later the nitrogen content of the myccliutn 
falls off and the organic N and ammonia N of the culture medium 


" Reed: Ihid. 
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increase. This is taken to mean that the ammonia aiises fiom 
the autolj^sis of fungous protein and not from denitiification. 
Ammonia is undoubtedly lost from the solutions either as am- 
monium carbonate or as free ammonia, consequentlj' the figures 
do not represent the entire amount of ammonia produced. How- 
ever, a part of the alkalinity developed is undoubtedly due to 
this foimation of ammonia. 


table II. 


Dislnbulion of nitrogen in Glomerella cultures. 


■WEEKS 1 

IN MtCEUCir 


IN soLxrrtON 


Total N 

Organic Is 

Amnxinia > 

ICitratc 

1 

0 

1 


40 00 




3 ' 

29 30 

9 90 

0 30 

0 65 

4 

31 60 1 

6 70 

0 68 

0 50 

5 

19 50 ' 

15 60 

3 OS 

Trace 

6 

18.77 

22 10 

1 96 

<( 

7 

20 60 

13 71 

3 50 


8 

1 18 70 ’ 

15 00 

4 70 


9 

18 92 

' 12 88 

1 96 


10 

17 94 

13 42 

2 10 



The formation of organic bases as a cause of alkalinity in the 
culture medium has been investigated and the results have 
already been published.® It was found that bases of the hexone 
and purine series are developed when Glomerella is grovm on a 
synthetic medium like that described above, as a result of the 
autolj'-sis of fungous protein. 

The cause of the alkalinity obsen^ed may therefore be referred 
to three factors; (a) the formation of carbonates; (b) the forma- 
tion of ammonia; and (c) the formation of organic bases. 


*Reed. this Journal, xix, p. 257, 1914. 




GASTRO-INTESTINAL STUDIES. Vm. 

A METHOD FOR THE QTTANTITATIVE ESTIMATION OF 
TRYPSIN IN THE GASTRIC CONTENTS. 

bt william h. spencer. 

{From the Laboratory of Physiological Chemistry of the Jefferson Medical 
College, Philadelphia.) 

(Received for publication, March 29, 1915.) 

In the course of investigations on the enzymes found in the , 
gastric contents we decided to employ the method for the estima- 
tion of trjTJsin in the gastric contents advocated by Ehrenreich.^ 

This reads as follows; Five reagent tubes containing gastric juice 
(1.0, 0.5, 0.25, 0.12, and 0.06 cc.). To each tube add a drop of phenol- 
phthalein solution, and, drop by drop, 10 per cent solution of sodium car- 
bonate, or, better, sodium bicarbonate, until a light red color is produced. 
Then add to each tube 2 co. of a 0.2 per cent casein solution made as fol- 
lows: 0.4 gm. casein dissolved in 40 cc. of to NaOH, add 130 cc. of dis- 
tilled water, and then 30 cc. of to HCl. This solution will keep for a week 
under chloroform. Incubate for two and one-half hours. Add drop by 


drop a solution of 

Glacial acetic acid 1 part 

Alcohol (95 per cent) 50 parts 

Distilled water SO parts. 


The tubes in which digestion has taken place remain clear; in the others 
turbidity appears. The clear tubes are marked plus ; the opalescent one, 
plus-minus; and the turbid tubes, minus. 

Our results obtained by following carefull 3 ^ the technique 
above described were invariably’’ negative. It was jSrst evident 
that the 10 per cent sodium bicarbonate solution failed to give 
accurate neutralization of the acidity of the gastric contents, 
since the carbon dio-ride rapidly evolved from the strong carbon- 
ate solution interferes with the end-point of the phenolphthalein 
color change. The carbonic acid being a stronger acid than 

‘ M. Ehrenreich: Ztschr. f. Min. Med., Ixxv, p. 233, 1912. 
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Gastro-Intestinal Studies 


phenolijhthalein prevents the production of the pink color until 
all the carbon dioxide has been removed. Furthermore, the 
alkaline concentration of the 10 per cent sodium bicarbonate 
solution is so great that in gastric contents of low acidity one 
drop often renders the liquid too strongly alkaline. These ob- 
jections were remedied bj'- using a 2 per cent solution of sodium 
bicarbonate, by which the neutralization is well controlled. Other 
indicators were experimented with, but phenolphthalein has 
proven the most satisfactorjq since, on acidifying to precipitate 
the undigested casein, the liquid becomes colorless, thus not in- 
terfering with the determination of turbidity. 

' Our results still failed to show digestion except in a few in- 
stances, presumably because the amount of casein was too great 
to allow complete digestion in any but exceptional cases. We 
therefore reduced the quantity of casein solution one-half and 
obtained better results. 

Finally, by extending the incubation period to five hours at 
40° C., instead of the two and one-half hour period, uniform re- 
sults were obtained. Since by the fractional method of 
examination of the gastric contents but 5 cc. are removed at 
each period, we have used 0.5 cc. of gastric contents for the 
tryptic determination instead of the 1 cc., advised by Elircn- 
rcich, so that sufficient material will remain for further tests. 

The method as modified has jdelded most satisfactoiy results 
and is hereby given in detail. 

- M. E. Rehfuss: Am. Jour. Med. Sc., p. 848, 1914. 

5 M. E. Rehfuss, O.Bergeim, and P. B.Hawk: Gastro-Intestinal Studies. 
I. The Question of the Residuum Found in the Empty Stomach, Jour. 
Am. Med. Assn., Ixiii, p. 11, 1914. 

Rehfuss, Bergeim, and Hawk: Gastro-Intestinal Studies. II. The 
Fractional Study of Gastric Digestion with a Description of Normal and 
Pathologic Curves, ibid., Ixiii, p. 909, 1914. 

* Bergeim, Rehfuss, and Hawk: Gastro-Intestinal Studies. III. Di* 
rect Demonstration of the Stimulatory Power of Water in the Human 
Stomach, this Journal, xix, p. 345, 1914. 

5 Rehfuss and Hawk: Gastro-Intestinal Studies. IV. Direct Evidence 
of the Secretion of a Gastric Juice of Constant Acid Concentration by 
the Human Stomach, Jour. Am. Med. Assn., Ixiii, p. 2038, 1014. 

^Rehfuss: Gastro-Intestinal Studies. VI. The Impossibility of In- 
terpreting the Findings Obtained by the Customary Examination of the 
Test Meal, ibid., Ixiv, p. 569, 1915. 



W. H. Spencer 


167 


(a) Five reagent tubes, Nos. 1, 2, 3, 4, and 5; more if desired. 

To tubes 1 and 2 add 0.5 cc. of gastric contents (filter if 

cloudy). 

(b) To tubes 2, 3, 4, and 5 ‘add 0.5 cc. of distilled water. 

(c) From tube 2 remove 0.5 cc. of its mixed contents and add 
to tube 3. Mix thoroughly and add 0.5 cc. from tube 3 to tube 
4. Repeat for tube 5. 

We now have dilutions of gastric contents of 1, y, i, and 

(d) To each tube add one drop of phenolphthalein solution 
(phenolphthalein 1 gm.; alcohol (95 per cent) 100 cc.); then 
add drop by drop a 2 per cent sodium bicarbonate solution until 
a light pink color is produced. 

(e) To tubes 1, 2, 3, and 4 add 0.5 cc. of casein solution. Tube 
5 must receive 1 cc. of casein solution, since it contains 1 cc. of 
the diluted gastric contents. For the casein solution, dissolve 
0.4 gm. of casein in 40 cc. of NaOH. Add 130 cc. of distilled 
water, then 30 cc. of HCl. This leaves the solution alkaline 
to the extent of 10 cc. of w NaOH, minus about 3 cc. neutralized 
by the casein. 

(f) Incubate for five hours at 40° C. 

(g) Precipitate the undigested casein by dropwise addition of 
a solution of the following composition: glacial acetic acid 1 cc., 
alcohol (95 per cent) 50 cc., distilled water 50 cc. The tubes in 
which digestion has been complete remain clear; others become 
turbid. 

(h) The tiyptic values are expressed in terms of dilution. 
Thus, complete digestion in tube 3 (a dilution of y) shows four 
times the tryptic power of undiluted gastric juice; taken as a 
standard as 1, therefore, its ti^ptic value is 4. 

(i) Controls of boiled gastric contents plus casein solution, 
and of distilled water plus casein solution, treated as above 
stated, must show no digestion, and become turbid on addition 
of the precipitating solution. 




THE EFFECT OF ACID ADMINISTRATION ON PARA- 
THYROID TETANY. 

By D. WRIGHT WILSON, THORNTON STEARNS, 

AND 3. H. JANNEY, Jr. 

{From the Laboratory of Physiological Chemistry and the Hunterian Labora- 
tory of Experimental Pathology, Johns Hopkins University, Baltimore.) 

(Received for publication, March 8, 1915.) 

The extirpation of the parathyroid glands from animals causes 
the development of a condition of tetany with accompanying 
abnormalities of metabolism about which our knowledge is but 
fragmentary. Two theories have been proposed to account 
for the characteristic S3'’mptoms. The first assumes that tetany 
is caused by a toxic substance which is neutralized, destroyed, or 
prevented from being formed by the normal functioning of the 
parathyroid glands. The second theory proposes that the tet- 
any is due to a hypere.xcitability of the nerves caused by a 
deficiency of calcium in the blood and tissues. 

The latter hypothesis was advanced by MacCallum and Voegt- 
lin,' who first showed that the introduction of soluble calcium 
salts into an animal in tetany relieves the condition. Further 
investigations by MacCallum and his coworkers-’’ furnish support- 
ing evidence, but as yet no definite cause for the deficiency of 
calcium has been determined. 

Relief from tetany may be brought about by the introduction 
of strontium, magnesium, and barium salts, as well as calcium.^’’ 
Joseph and Meltzer® showed that injections of a hypertonic 

' W. G. MacCallum and C. Voegtlin: Jour. Exper. Med., xi, p. 118, 1909. 

“ W. G. MacCallum and K. M. Vogel: ibid., x^’iii, p. 618, 1913. 

’ W. G. MacCallum, R. A. Lambert, and K. M. Vogel: ibid., xx, p. 
149, 1914. 

tW. N. Berkelej' and S. P. Beebe: Jour. Med. Research, xx, p. 149, 1909. 

^C. Voegtlin and W. G. MacCallum: Jour. Pharm. Exper. Therap., 
ii, p. 421, 1910-11. 

' D. R. Joseph and S. J. Meltzer: ibid., ii, p. 361, 1910-11. 
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sodium chloride solution relieve the acute symptoms. Carlson 
and Jacobson^ found that greatl3’' hypertonic sugar solutions 
have the same effect and act by decreasing the excitability of 
the nervous tissues, an effect also ascribed to the action of cal- 
cium and strontium salts. An indirect action on the nerve 
centers may be brought about by vaso-dilatation produced by the 
injection of tissue extracts, albumoses, amyl nitrite, and by stim- 
ulation of depressor nerves. Only a temporary relief, in some eases 
lasting but a few hours, is brought about by these treatments. 

In connection with the toxin theory of the causation of tetany, 
ammonia has received considerable attention as a possible factor. 
When injected in suitable quantities, ammonium salts produce a 
tetany somewhat similar to that observed after parathyroidec- 
tomy. This finding has been correlated with data produced 
by several investigators showing an increased quantity of ammonia 
in the blood and urine. A high ammonia content of the blood 
in parathyroidectomized animals has been observed b}’’ Mac- 
Callum and Voegtlin,i Medwedew,® and Jacobson,® but the later 
figures of Carlson and Jacobson^ and those of Greenwald*® failed 
to show an increase. A high ammonia excretion in the urine 
and an increased ratio of ammonia to total nitrogen were re- 
ported by MacCallum and Voegtlin, Underhill and Saiki,” 
Cooke,^® Berkeley and Beebe,^ and Falta and Kahn.*® Green- 
wald found a smaller variation from the normal. 

Many suggestions have been advanced to account for the in- 
creased ammonia excretion in the urine and the high ammonia 
content of the blood. There may be an inez’eased protein catab- 
olism with an excessive ammonia production. The urea-form- 
ing power of the liver and other tissues may be damaged and 
cause a piling up of ammonia. A decreased oxidation may cause 
an acidosis with a characteristic ammonia formation to neutralize 
the acids formed. The appearance of lactic acid in the urine. 


^ A. J. Carlson and C. Jacobson: Am. Jour. Physiol., x.xviii, p. J33, 19)1. 
® A. Medwedew: Zlschr. f. physiol. Chem., Ixxii, p. 410, 1911. 
s C. Jacobson: Am. Jour.- Physiol., xxvi, p. 407, 1910. 

I. Greenwald: ibid., xxviii, p. 103, 1911. 

F. P. Underhill and T. Saiki: this Journal, v, p. 225, 190S-09. 

12 J. V. Cooke: Jour. Exper. Med., xiii, p. 439, 1911. 

» W. Falta and F. Kahn: Zlschr. f. klin. Med., l.xxiv, p. 108, 1911. 
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as shown by Gooho, has boon usoci to support tho last suggGS~ 
tion. 

The possibility that there may be a condition of or tendency 
toward an alkalosis after parathjwoidectomy has received no 
attention. This hypothesis is interesting in connection with 
the following facts. Alkalies are known to increase the symptoms 
of tetany. Sodium bicarbonate has been shown to be distinctly 
harmful, and sodium and potassium acetates apparently act 
in the same way. Sodium chloride is innocuous in isotonic solu- 
tion. We shall present evidence to show that the introduction 
of acids relieves the tetany. We may conclude, therefore, that 
an artificial alkalosis is unusually harmful, while a condition of 
acidosis produced by acid introduction is beneficial. The latter 
conclusion is supported by the observation that an acidosis 
developed b}-- prolonged fasting tends to diminish the severity 
of the symptoms. We are at present studying the condition of 
tetanj' from this point of view and hope to determine whether 
the above mentioned tentative hypothesis is justified. 

We wsh to present in this communication, as a preliminary 
report, the results of our experiments on the introduction of 
acids into dogs in relieving parathyroid tetany. The action is 
quite definite as the period of relief is more prolonged than that 
obseiwed after the introduction of manj^ of the agents previousty 
used. On account of the great variations in animals and the 
spontaneous periodicity of the symptoms, we give below suffi- 
cient protocols to show the efficiency of acids, introduced intra- 
venously or per os, in relieving the sjTnptoms of tetany in dogs. 

PROTOCOLS. 

No. IS. Adult male bull dog. Weight, 10.4 hg. 

Jan. 12. Operation; complete th 3 Toparathyroidectomj'. 

Jan. IC'19. One acute attack observed each day. Definite mild tetany 
in intermediate periods. 

Jan. 20. Fed 500 cc. of milk. Mild tremors. 

Jan. 21. Fed 20 gm. of casein in 200 cc. of water, a.m. Violent tetany 
at 5 p.m. Injected intravenously 9C cc. hydrochloric acid in sodium 
chloride solution. During injection dog became quiet, panting ceased, 
and muscles became relaxed. After injection completely relaxed, no 
tremors. AYalked a few steps and lay down. Blood showed no hemolysis. 
S p.m. Lay curled up; no tetany apparent; walked easily. 
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Jan. 22. No signs of tetanj^ all da}', walked about easily. Fed 30 gm. 
of casein in 300 cc. of water. 

Jan. 23, 9 a.m. Occasional slight twitching. Appeared bright. Exer- 
tion caused period of moderate contractions. 

Jan. 24. Fed 20 gm. of casein in 250 cc. of 0.5 per cent HCl. Depression 
marked; no tremors. 

Jan. 25. Fed 20 gm. of casein in 250 cc. of water. Depression marked, 
wound showed infection; animal sacrificed. Autopsy: negative exoept 
for congestion of viscera. (Water was given by sound, 250 cc. dailyoxcept 
when otherwise stated.) 

In this experiment the intravenous injection of 90 cc. ^ hydro- 
chloric acid in ^ salt solution, or 8.6 cc, per kg., completely 
relieved for at least twenty-four hours a tetanj' which had been 
observed daily for six daj’-s previously. Following this period 
only mild contractions were observed. The animal was unusually 
strong, and only during the last two days was the depression suf- 
ficient to render the observations of doubtful value. 

No. 16. Female bull dog. Weight, 7.9 kg, 

Jan. 22. Removed anterior two-thirds of each thyroid with parathy- 
roids. 

Jan. 24, 9 a.m. Severe tetany. 11.55 a.m. Injected intravenously 
54 cc. ^ HCI in ^ NaCI solution. Respirations decreased from 230 to 
100 per minute; otherwise no definite improvement. 1.40 p.m. hlarkcd 
improvement. Tremors barely felt. Walked a little stiffly. 5.30 p.m. 
Appeared normal in every respect. Blood showed slight hemolysis. 

Jan. 25. No tetany. Ate 55 gm. of meat. 200 cc. of water per os. 
Vomited some. 

Jan. 26. No tetany. 

Jan. 27. No tetany until 9 p.m., when mild tremors were observed. 
Stiff and did not walk well. 200 cc. of water per os. 

Jan. 28. Mild tremors during day. 200 cc. of water per os. 

Jan. 29, 9 a.m. Slight tremors. Gave 2 gm. of sodium bicarbonate 
per os in 200 cc. of water. 2.30 p.m. Marked tremors. Teeth chatter. 
4 p.m. Tetany marked. Died after injecting intravenously 50 cc. jr? hCl 
in ■’3 NaCl solution. Autopsy: congestion of viscera, pregnant. 

An improvement was noted soon after the intravenous injection 
of 6.8 cc. per kg. of a ^ HCI solution in y- saline, and no 
symptoms of tetany v'ere observed for seventy-eight houis 
subsequently. Only slight muscular tremors were then apparent 
until the tetany'- was aggravated by the introduction of sodium 
bicarbonate per os. 
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No. 18. Young male dog. Weight, 10.2 l:g. 

Jan. 26. Removed right thyroid and anterior two-thirds of left thjToid 
with parathyroids. 

Jan. 28. Acute tetany. Muscular cramps, stiffness, lost control of 
legs, but no tremors. 

Jan. 29. Improved. Ate 100 gm. of meat. 

Jan. 30, a.m. Slight tremors. 10.35 p.m. Acute tetany- Dog rest- 
less, groaning. Began intravenous injection of -A HCl in » ICaCl 
solution. 11.30 p.m. 45 cc. injected. Dog much improved. Violent sj-mp- 
toms subsided. 12.06 a.m. 86 cc. introduced. Injection stopped. Ani- 
mal completely relaxed and quiet. Walked easily. 

Feb. 1. No tetany. Ate 100 gm. of meat. 

Feb. 2, 3, 4. No tetany. Would not eat. 

Feb. 4. Found dead at 11.30 p.m. Autopsy: bronchopneumonia. 

Tetany was relieved during the injection of 8.4 cc. ^ HCl in 
“ NaCl solution per kg., and was not observed during the re- 
mainder of the experiment. 

No. 19. Adult male cur. Weight, 10 hg. 

Jan. 27. Complete thyroparathyroidectomy. 

Jan. 29. Mild tetany. 

Jan. 30, 3 p.m. Violent tetany. 4 p.m. 26 cc. ^ HCl in 5 NaCl solution 
injected intravenously. No improvement, respirations 208. 4.20-5.00 
p.m. 37.5 cc. subcutaneously. Tremors the same, respirations 180. 5.35 
p.m. Began intravenous injection again. Tremors the same, respirations 
30. 6.00 p.m. 16 cc. injected. Dog becoming relaxed. 6.25 p.m. 37 
cc. injected. Stopped injection. Slight tremors felt. Bright, walks 
with ease. 8 p.m. No tremors felt. 

Jan. 31. No tremors apparent during day. 

Feb. 1, No tremors apparent during day. Walked stiffly, apathetic. 
Feb. 2, 10 a .m. Much bri^ter. Ate 100 gm. of meat eagerly. Necrosis 
at points of subcutaneous injection. 11,15 a.m. Mild tremors. During 
afternoon 650 cc. 0.5 per cent HCl were given per os, of which 225 cc. were 
vomited. Mild tremors became less apparent. 

Feb. 3, 9 a.m. Tetany severe. 10.30 a.m. 0,5 gm. HCl in 150 cc. 
of water. 2 p.m. Tremors less marked. 0.5 gm. HCl in 100 cc. of water. 
5.00-5.45 p.m. No tremors felt. 

Feb. 4. No tremors during day; depression. 

Feb. 5. Faint occasional tremors visible. Depression, necrosis marked. 
Sacrificed. 

Tetany was relieved by the intravenous injection of 10 cc. 
HCl solution in saline per kg., and no recurrence of symp- 
toms was observed for sLxty-three hours. The results of dilute 
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acid ingestion by mouth are not conclusive, but indicate a favor- 
able action in relieving tetany. 


No. 85. Young female cur. Weight, 6.7 kg. 

Feb. 2. Complete thyroparathyroidectomy. 6 p.m. 0.5 gm. HCl in 
150 cc. of water per os. 

Feb. 3, 10 a.m. 0.5 gm. HCI in 200 cc. of water per os. Ate 100 gm.of 
meat eagerly. 

Feb. 4, 9.30 a.m. 100 gm. of meat. 12 noon. Violent tetany. Injected 
intravenously 61 cc. “ lactic acid in NaCl solution. Dog improved; 
ran around room, but tremors still marked. 4 p.m. Tetany improved. 
5 p.m. Only faint tremors felt. 

Feb. 5. Lay curled up most of the time, perfectly relaxed, no tremors 
felt. When roused, she ran around easily, after which faint tremors were 
barely apparent. Condition the same until 5 p.m., when found in definite 
acutetetany. 8p.m. Notremors. Walked a iittlestiffly. 11p.m. Bright, 
active, ate crust of bread eagerly, no tremors. 

Feb. 6, a.m. No tremors. Appeared about normal. 2 p.m. Slight trem- 
ors. 4 p.m. Acute tetany. Injected intravenously 50 cc. HCl in 'I 
NaCl solution. Tetany relieved during injection. Alert, slightly ataxic; 
faint tremors only apparent in temporal muscles. 6.20 p.m. No tremors. 
7.45. No tremors. Jumped easily into cage. 

Feb. 7. Respiration slightly labored. No tremors. Lively. 1 p.m. 
Slight tremors barely felt. 

Feb. 8. Very faint occasional tremor felt. Muscles relaxed. Vomited 
when water was given. Ran around easily. 

Feb. 9. Lively. No tremors all day. Vomited when water was given. 

Feb. 10. 9.45 a.m. Mild tremors in head. 

Feb. 11. Depressed. No tremors. 2 p.m. Found dead. Autopsy: very 
small patch of bronchopneumonia. 

It is uncertain whether the improvement after the lactic acid 
injection can be ascribed to the acid introduced owing to the 
short period of relief and the extreme periodicity of the syinj)- 
toms. The effects of the h3'^drochloric acid injection were much 
more definite and prolonged. With the exception of short periods 
of mild tremors on the second and fourth days, there was no 
sign of tetany during the remainder of the experiment. 


A^’o. 31. Female bull dog. Weight, 7.8 kg. 

Jan. 15, a.m. Removed right thyroid and anterior portion of left with 
parathyroids. 

Jan. 16, a.m. Slight occasional tremors, s.alivation marked. 

Jan. 17, 9a.m. Depressed. Mild tremors. 1.30 p.m. Extreme tetany. 
Panting, restless. 1.53 p.m. Started intravenous injection of 


HCl 
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in water. Respirations 2S0. 2.33 p.m. 20 cc. injected. iMuch quieter. 
2.50 p.m. Respirations 200, shallow. iMuscIes rela.xed, no tremors. 3.11 
p.m. 38 cc. introduced; injection stopped. Respirations normal. Occa- 
sional faint tremors in shoulder muscles. Ray with eyes closed. 3.40 
p.m. Placed on floor; looked sleep 3 -, but took an interest in surroundings. 
Occasional tremor barely apparent. 4.00 p.m. \\ alked around normallj', 
drank a little water. No tremors. 5.30 p.m. No tremors. Blood showed 
slight hemol 3 'sis. 11.30 p.m. No tremors. 

Jan. 18, 9 a.m. Liveb'. Faint tremors. 11.20 a.m. Acute tetany. 
11.35 a.m. Prostrated. Periods of marked contractions. Mild tremors 
throughout remainder of da 3 '. 

Jan. 19. Marked tremors. 1.10 p.m. Acute tetan 3 '. Found dead 
at 3 p.m. 

The injection of 4.8 cc. per kg., of a “ hj’^drochloric acid 
solution produced a definite though temporarj’^ relief from tetany, 
but did not ward off a severe attack on the following day. We 
have observed other cases where relief was obtained by the injec- 
tion of a small quantity of y hydrochloric acid, but the tetany 
again became evident on the following day. 

No. 27. Male cur. Weight, 10 kg. Act'd introduced in every case per os 

with sound. 

Feb. 5. Complete th 3 ’roparath 3 ’Toidectomy. 

Feb. 7, 5 p.m. Mild tremors. 200 cc. 0.25 per cent HCl solution. 

Feb. 8, 9.30 a.m. Period of marked tremors in fore legs and head. 
10 a.m. Mild occasional tremors. 200 cc. 0.25 per cent HCl solution. 2.30 
p.m. Occasional tremor when excited, none when b'ing in cage. 200 cc. 
0.25 per .cent HCl solution. 5 p.m. No tremors. 200 cc. 0.25 per cent 
HCl solution vomited. 

Feb. 9, 9.30 a.m. 200 cc. 0.25 percentHCIsolution. No tremors noticed 
during da 3 ’. 

Feb. 10, 9.30 a.m. 200 cc. 0.25 per cent HCl solution. No tremors. 2.45 
p.m. Faint tremors in head felt once. Ran easib' up stairs. 200 cc. 
0.25 per cent HCl solution. When interested acted as a normal dog, other- 
wise dull. 5 p.m. 115 cc. of vomitus found. 

Feb. 11, 9 a.m. Found lying quietly. On arising, faint contractions 
in head and neck for half a minute. 200 cc. 0.25 per cent HCl solution. 
Ran around easib’. 2 p.m. Faint tremors barelr’ apparent. Otherwise 
completely relaxed. 4 p.m. 200 cc. 0.25 per cent" HCl solution. 

Feb. 12, 9.30 a.m. 200 cc. 0.25 per cent HCl solution. Occasional faint 
tremors felt during da 3 ’. 5.30 p.m. 200 cc. 0.25 per cent HCl solution. 

Feb. 13, a.m. No tremors. 200 cc. of water. 3 p.m. Mild tremors, 
apparentb’ more marked. Head shook violentb’ at times. 200 cc. of 
water. 
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Feb. 14. Depressed. Tremors mild but more marked than previouslv 
10.15 a.m. Gave 2 gm. NaHCOa in 200 cc. of water per os. 10.45 a.m. 
Restless.^ Tremor attacks more violent. 11 a.m. Two attacks of vigorous 
contractions in fifteenminutes. 11.40 a.m. Violent contractions; vomited 
small amount of fluid. Continuous mild tremors with periods of marked 
contractions. Tetany observed seemed considerable in view of tiie we.ak 
condition of the dog. 

Feb. 15. 4 gm. NaHCOs in 200 ct. of water. Vomited about half. 
Mild tremors. Depression. 

Feb. 16. Dog moribund. Sacrificed. 

Unlike most dogs, the animal showed little tendency to vomit, 
and for tliis reason became a valuable subject for treatment 
with acid by mouth. As soon as the tetany was apparent, acid 
was given per os in an attempt to relieve the condition. By 
the ingestion of 400 cc. of a 0.25 per cent hydrochloric acid 
solution (or less when vomited) per day, the sjmiptoms of tetany 
were all but completely effaced. Only occasional faint tremore 
were observed during the five days of acid ingestion. After this 
period water was given instead of acid and the tetany became 
more apparent at once. On account of the state of depression 
into which the animal had fallen, no violent tetany was observed, 
so that sodium bicarbonate was given on the following clay. 
This caused a more acute condition than had been observed at 
any time previously. The experiment contrasts very sharply 
the beneficial effects of acid introduction and the harmful action 
of the ingestion of bases. The relief produced by the intro- 
duction of acid by moutli is apparently much less permanent 
than that brought about by intravenous injections. 

No. SS. Young male bull dog. Weight, 7.4 hg. 

Jan. 30. Right thyroid and anterior two-thirds of left removed. 

Feb. 1. Ate 200 gm. of meat. 11 p.m. Mild tctanj\ Dilute hydro- 
chloric acid by mouth vomited with a little meat. Repeated with 100 
ec. 0.5 per cent UCl. 

Feb. 2, 10 a.m. 65 cc. of vomitus in bottle. No tetany; refused meat. 
100 cc. 0.5 per cent HCl solution per os. 12 noon. Much livelier. Ap- 
peared normal. 2 p.m. Ate half a slice of bread. 8 p.m. Ate half a slice 
of bread. No tremors observed during day. 

Fob. 3, 9 a.m. No tremors. 2 p.m. Occasional tremor felt in head. 
Depressed. 6 p.m. 0.5 gm. HCI in 150 cc. of water per os. Slight trenior.i. 
11 p.m. No tremors. 
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Feb. 4. Mild tetany throughout day. Vomited practically all the 
acid given. 

Feb. 5. Mild tremors. Retained 100 cc. 0.25 per cent HCI solution. 
5 p.m. Injected intravenously 100 cc. j NaCl solution. No improvement. 

Feb, 6, 2.30 p.m. Severe tetany. Animal died during acid injection. 
Autopsy: bronchopneumonia throughout lungs. 

Dilute hydrochloric acid by mouth definitely relieved tetany 
for one and one-half days. Thereafter sufificient acid was not 
retained to prevent the appearance of tremors, but acute attacks 
were never observed. The intravenous injection of “ NaCI 
solution caused no improvement. 

As may be seen from the above protocols, the intravenous 
injections of or “ hydrochloric acid solutions relieved para- 
thyroid tetany in dogs. The period elapsing before the return 
of the symptoms varied somewhat according to the amoimt of 
acid introduced, but in some cases extended over several days. 
We have purposely used acids of considerable strength in order 
to keep the volume of liquid injected at a minimum. The in- 
jection of acid in salt solution apparently decreases the tendency 
toward harmful effects, as we have had more evident reactions 
by introducing hydrochloric acid in pure water than in salt 
solution. That the injection of 100 cc. of a ^ sodium chloride 
solution alone has no apparent beneficial effect has been observed 
by others as well as ourselves. 

In support of the evidence offered by acid injection, we have 
obsen^ed relief in several cases when acid was introduced per os. 
The difficulties of this procedure, however, render it of tmcertain 
value. The stomachs of most dogs in tetany are so sensitive 
that no material can be retained. We were fortunate to obtain 
one animal which, by careful manipulation, retained most of the 
acid introduced, and during the period of acid ingestion (five 
days) showed no t3q3ical tetany. The sjmptoms became acute 
later when sodium bicarbonate was given. 

The relief of parathyroid tetany by the administration of 
acids suggests the possibility of a beneficial action due to a varia- 
tion in the acid-base equilibria in the body, and offers a new 
point of view for the study of this and allied conditions. 




THE INFLUENCE OF CERTAIN VEGETABLE FATS ON 

GROWTH.! 

By E. V. McCOLLUM ajcd iLARGUERITE DAVIS. 

(From IheLahoralory of Agricultural Chemistry of the University of TViscoTiSin, 

ilatfison.) 

(Received for publication, March 27, 1915.) 

In pretnous papers^ we have pointed out that when rats have 
been brought through a period of successful growth on diets of 
putified food constituents, but containing no fats, failure sooner 
or later supervenes. If, however, such diets of suitable make-up 
contain certain fats, there is no failure of nutrition, and repro- 
duction and rearing of the young have been observed. Up to 
the present time we have obtained positive results with butter 
fat, egg yolk fats, kidney fat (ether-soluble portion of kidney free 
from -sdsible fat), and the ether extract of the ripe testicle of the 
codfish. To this list Osborne and ilendel have added commer- 
cial cod liver oil,^ and more recentlj'! the more liquid portion of 
beef fat. In our experience commercial lard, olive oil, tallow, 
and cottonseed oil have given negative results. Osborne and 
IMendel found negative results likewise with cold pressed almond 
oil.^ Up to the present, therefore, the existence in the vegetable 
world of the substances which are carried b}' certain animal fats 
has not been demonstrated. Experiments ndth carefuUj' pre- 
pared plant fats are still few in number and it is erident that no 
conclusions can be drarvn from negative results obtained b3- feed- 
ing commercial fats or oils about whose treatment we know noth- 
ing, since heating to fairlj- high temperatures in pressing and sub- 
sequent bleaching are by no means uncommon. 

'■ Published with the permission of the Director of the Wisconsin Exper- 
iment Station. 

* E. V. McCollum and M. Davis; this Journal, xv, p. 167, 1913; .xi.x, p. 
245, 1914; XX, p. 641, 1916. Compare T. B. Osborne and L. B. Mendel; 
ibid., xvi, p. 423, 1913-14. 

’ Osborne and Mendel: ibid., xvii, p. 401, 1914. 

‘ Osborne and Mendel: Proc. Soc. Exper. Biol, and Med., xii, p. 92, 1915. 

‘ Osborne and Mendel; this Journal, x^ni, p. 401. 1914. 
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Since it is now clear that with the fat-free ration which we have 
used with such excellent results® the only factor which is wanting 
can be supplied by the fats from certain sources, and by no other 
proximate constituent of foodstuffs, it follows that any food- 
stuff of plant origin which can supplement this ration and load 
to normal growth without subsequent failure, or lead, to recoveiy 
after the animals have begun to fail, must carry the constituents 
which are associated with the animal fats which produce the same 
effects. We have adopted this method of comparing the biolog- 
ical properties of the fats carried b}'- corn (maize), wheat, wheat 
embryo, rye, rolled oats, and dried pig heart and kidney. The 
results leave no room for doubt that certain fats occurring in the 
plant kingdom possess just as pronounced stimulating action on 
growth as do certain animal fats, although this is by no means 
true of plant fats from all sources. 

Experimental methods. 

The rats whose curves are shown in Charts I to IX were fed 
the fat-free diet of casein, milk sugar, dextrin, agar-agar, nnd 
salts until in most instances marked loss of weight had occurred 
and the animals were in an enfeebled condition. This required 
usually between twenty and twenty-five weeks. In fact, a con- 
siderable number of animals died at the time the additions were 
being made to the diet. T^Tien in a state of enfeeblement .and 
emaciation' on the fat-free diet, the ration was changed to fat-free 
ration 50 per cent, and plant product 50 per cent. The results 
were surprising': the I'ats which received the corn meal addition 
responded at once with increase in weight and marked change in 
appearance (Chart I). Inflamed eyes which were evident in 
many of the animals soon became normal in appearance.^ The 
coats became glossy and the animals assumed a normal, well fed 
appearance. The recovery is still a pparently complete nine weeks 
after the change was made in the food. Like corn, wheat embryo, 
when added to the fat-free ration, is capable of rescuing rats 
from the threshold of death when brought to the point of failure 
as the result of feeding the diet deprived of those constituents 
carried by certain fats (Chart II). 

« McCollum and Davis; ibid., xx, p. 641, 1915. 

? Osborne and Mendel have pointed out that a similar eye condition 
is relieved by feeding butter fat (ibid., xvi, p. 431, 1913). 
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In marked contrast to these vegetable foods, the entire wheat 
kernel when added to the extent of 50 per cent of the diet, serv-es 
only to save the animals from immediate death, but does not 
enable them to increase in body weight and assume a normal 
appearance (Chart III). E\’-en after six weeks with the wheat 
addition, without appreciable increase in weight, a substitution 
of wheat embrjm for the wheat led at once to pronounced increase 
in bodj' weight and improvement in appearance. 

When lye replaced one-half of the customary fat-free diet of 
rats which were at the point of failure, we have seen considerable 
gain in weight in one individual, and a slight teinporarj’- gain in 
two others. There was no marked improvement in the appear- 
ance of these rats as the result of feeding rj'e (Chart I\0- 
Similarlj’- we have not been able to restore rats in the condition 
described by adding rolled oats to the extent of one-half of the 
diet, although with this addition, as with wheat and lye, some of 
the animals are saved from immediate death (Chart Y). Our 
negative results with these grains must not be accepted as final, 
however, since the rats were in veiy feeble condition and may 
have been too far depleted to admit of recovery. In one instance, 
however, there was a distinct improvement following a change 
from oats to com (Chart V). 

Other points on which we are prepared to furnish e^ddence are: 

1. That 50 per cent of com added to the fat-free diet is vastly 
superior to 5 per cent butter fat when the animals have been 
brought to a point near which failure of nutrition would set in 
(Chart ^^). 

2. That the addition of 5 per cent wheat or 5 per cent com 
meal is not sufficient to prevent decline and death on the fat-free 
diet (Chart ’iTI). 

We include also for comparison with these vegetable additions 
the curves of rats which under similar circumstances were changed 
from the fat-free diet to a mixture of (a) dried pig heart, dextrin, 
and calcium lactate (Chart ’tHI), and (b) dried pig kidney, 
dextrin, and calcium lactate (Chart IX). We were greatly sur- 
prised to observe the very temporary benefit derived from feeding 
the pig heart as compared with the kidney. 

Both the hearts and kidnej's were obtained fresh from animals 
slaughtered on the Experiment Station farm, and were passed 
through a hasher and dried in the same set of trays at tempera- 
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tures not above 70 ° C. in a current of air. There was no bacterial 
decomposition of either preparation. We would not draw the 
conclusion fi-om these results that the essential lipins or their 
accompanying unknown substances are absent from heartCiiuscle. 
It is possible that some other factor is involved here wh^h con- 
tributed to the failure of these rats. Nevertheless, the,'prohipi. 
response with rapid growth, when dried Iddney replaced the heart 
tissue affords a strildng example of the paucity of our luiowledge 
regarding the peculiar physiological properties of our commonest 
foodstuffs. 

We have not been successful in obtaining reproduction in rats 
which have been so badly depleted by prolonged feeding of a fat- 
free ration, after recovery resulting from fat additions. We must, 
therefore, reserve conclusions as to the efficiency of the plant fats 
on which we report in this paper for inducing reproduction.® 
Young rats must be given these rations with the vegetable addi- 
tions from the beginning in order to obtain evidence on this point. 

The effects of wheat, rye, and oats seem to suggest that the 
differences observed in their effects on depleted animals may 
well be due to quantitative differences in the jueld of the unknown 
accessory substances under consideration, rather than to an entire 
absence of the same. This viewpoint is strongly supported in 
the case of the wheat kernel as compared with wheat embryo. 
Observations with swine^ indicate that a ration composed wholly 
of the corn kernel (70 per cent corn meal and 30 per cent gluten 
feed) and a suitable salt mixture, will lead to growth and repro- 
duction, while a ration made of other grains, containing but 30 
per cent of corn meal, and a suitable salt mixture fails to induce 
growth. Possibly this finds a partial explanation in the quanti- 
tative differences in the rations of unknown accessory substances 
needed for growth. 

The possibility should also be emphasized that there may be 
carried by certain of the grains substances sufficiently toxic to 
cause injury to animals in such an enfeebled condition. 

® At the time of reading proof on this article wc .have secured two 
litters of young from the rats receiving the corn addition. One of t icsc 
litters is alive at the age of five days. 

® E. B. Hart and E. V. McCollum: ibid., xix, p. 373, 1914. 
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Chaet m. Shotra how the introductioo of 60 per cent whole wheat meal 
saves the animals from immediate death, bat does not pennit the prompt mere „> 3 ,»i{Qted 
meal in the same proportion instead -of wheat. In Period 3 wheat em ryo 
growth waa at once resumed. 

Period 1. FM-tree diet. fat-tort ^ «=t. «-« 

Feriod 2. Fst-free diet 50 per rest, wh&i 50 per ccat. 
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resulted in one case of feeding rye after rats had begun to fail on the fat-free diet. De^itc the 

prevent immediate d atb t show as marked improvement in appearance as did the rats receiving com me 

but in too small amount for appear that rye fats carry the unkn-own accessory substances present in but* 

Period 1 . Fat-iTM mtiaa. recovery. 

Period 2« Fat-free ration 50 per cent, rye 50 per cent. 
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Chaht V. Illustrates the effects of introducing rolled 
failure had set in on the latter food. But little if any ‘ 
as a result of feeding oats to such animals. We should • ■ 
reserve, since the rats were in a very feeble state, but the 
one instance which followed the change from oats to com 
of the fats of the oat kernel as compared with com in ^ 

Period 1. Fat-free ration. 

Period 2. Fat-free ration 50 per cent, rolled oata 50 per cent. 

Period 3. Fat-free ration 50 per cent, com 60 per cent. 
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Chart VI. Furnishes comparative data as to the effects of adding 5 per cent of butter fat ti 
failure of nutrition had set in. After the long period on the fat-free diet this was not enough ■ 
tion of growth. The addition of 50 per cent com meal to the food caused a considerable incr" 
provement in appearance. 

Period 1. Fat-iree ration. 

Period 2. Fat-free ration + 5 per cent butter fat. 

Period 3. Fat-tree ration 50 per cent, com meal 50 per cent. 
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Chabt VII. Furnishes comparative data relative to the amount of wheat or com meal 
failure on the fat-free diet. Neither 5 per cent of wheat nor com was sufBcient. 


Period 1. Fat-free ration. 

Period 2. Fat-free ration + 5 per cent ^hole wheat meal. 


Period 3. Fat-free ration 5 per cent com 
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Chaet VIII. niustratcs the fact that not aU animal tissues or^?’ 

In Period 1 the fat-free ration was fed. In Period 2 dried pig heart finnushe e P ° Elrikinc. 
dried pig kidney replaced the heart. The difference in the effect of these two , _j. ■■ 

to assert that the fats of the heart lack the unknown accessory substance wlncn prm ^^^^ 
must decide whether some other factor is involred in the heart feeding wmc pr 
period 1. Fat-free ration. 

Veziod 2. Heart 25 per cent, dertrin 74 per cent, calduin lactate 1 Per cciit. 

Period 3. Kidney 25 per cent, dextrin 74 per cent, caldum lactate 1 per cent. 
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Chabt IX. lUustrates the high efficiency of_^ed pig Mtoey mmdnomg recovery and subsequent 
were ready to die as the result of prolonged nutrition on a fat- ree e . 

Period 2. Dried pie Kdoey 25 per cent, dextrin 74 per cent, calei 

Penod I. Fat-free ration. 
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ON STARVATION AND OBESITY, WITH SPECIAL 
REFERENCE TO ACIDOSIS. 

Bt otto FOLIN and W. DENIS. 

(From the Chemical Laboratories of the Massachusetts General Hospital 
and Harvard Medical School, Boston.) 

(Received for publication, March 8, 1915.) 

Assuming that excreted "acetone bodies” are chiefly derived . 
from incompletely oxidized fat, and assuming that some per- 
sons show a pronounced tendency to store up fat and become 
“stout,” while others living under substantially identical con- 
ditions reveal no such tendency we may ask; TITiich, if either, 
of these two classes of individuals can better vuthstand starva- 
tion wdthout excreting the above mentioned products of incom- 
plete fat oxidation? Most physiologists or experts in metab- 
olism work, if required to formulate an answer to the above, 
not altogether hypothetical question, would probably support 
the Anew that since fat persons tend to store fat more readib' 
than lean ones, they probably tend to utilize it less readily, and 
that they therefore should be more subject to acidosis when 
compelled to live on their own tissue materials. Although much 
has been written on acidosis and still more on the metabolism 
of fasting there is as 3'^et hardlj' any experimental work available 
on the basis of which any positive answer can be given to the 
question raised. Indeed it is only within the last few j^ears 
(since the introduction of Shaffer's method for determining 
/S-ox3'butyric acid) that any satisfactor3'^ experimental material 
on this point could have been acquired. Brugsch’s^ investiga- 
tion on the professional faster. Sued, is occasionallj-^ quoted as 
evidence shou-ing that the acidosis in fasting is determined by 
the available fat deposits. Bragseh merelj’’ showed that the 
faster, Succi, who was not verj' emaciated at the end of his thirty 
daj" fast, continued to eliminate acetone bodies to the end of the 

’ T. Brugseh: Zischr. f. exper. Path. u. Thcrap., i, p. 419, 1905. 
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fast, while an extraordinarily emaciated hospital patient who had 
no visible body fat did not have any acidosis. Brugsch's results 
simply confirm the accepted view that the acetone bodies are 
derived from fat; they show nothing more, nor did Brugsch 
draw the conclusion ascribed to him by Sassa,^ namely, that the 
extent of the fat deposit is the chief factor determining the degree 
of acidosis obtained in fasting. On the basis of results obtained 
from phlorliizinized dogs, Sassa does conclude that the extent 
of the fat deposits is the most important factor in the production 
of acidosis. Sassa’s results, though interesting, have little bear- 
ing on the question of fasting acidosis in the human subject, 
first because of the use of phlorhizin, and secondly because there 
is no reason to beheve that acidosis in animals is quantitatively 
comparable with that obtained in man. In fact the common 
laboratory animals (including the pig) develop very little if any 
acidosis during fasts of moderate duration (three to five days). 

Clinically as well as from the standpoint of metabolism it is 
important to know whether persons with a pronounced tendency 
to obesity are less capable of drawing on their own fat deposits 
without developing acidosis than are persons without such a 
tendency. 

In this paper we wish to report on the fasting metabolism of 
two extraordinarily fat women, both essentially normal except 
with reference to their obesity. Our analyses include practi- 
cally all the determinable urinary constituents (except the metals), 
but our chief interest concerns the acetone bodies, and it hardb' 
seems worth while to report all the other findings. 

Our first subject (Mrs, M.), age 48, height 124 cm. (4 ft. 1 in.), 
entered the Massachusetts General Hospital for the relief of a 
large hernia which had foimed in the scar of a former abdominal 
operation. As the surgeons advised that her weight be reduced 
by at least thirty-five pounds before operative procedures were 
instituted, the patient was transferred to the medical service 
and thus came under our observation. 

The woman stated that she "came of a fat family,” her father, 
mother, and brothers having all been extremely obese. She 
had remained quite thin as a girl, but after her marriage, at the 

- R. Sassa: Biochem. ZCschr., lix, p. 372, 1914. 
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age of twenty-eiglit, she gained rapidly in weight and had been 
very heavy ever since. 

Our original intention was to subject her to a series of fasts 
of a week or more and to keep her during the interims on diets 
low in nitrogen and of insufficient fuel value. On. account of 
the acidosis and the pronoimced subjective symptoms (headache, 

TABIiE I. 


Mrs. M. Urine. 
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0.27 
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0.41 
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I mg. 

0 

Feeling well. 

2 

0.08 

1.42 

2.90 

0.73 

250 

5.2 

Slight headache. 

3 

0.10 

1.57 

17.94 

1.87 

508 

24 

Severe headache. 

4 

0.88 

2.46 

18.47 

2.50 

695 

49.5 

Headache, nausea, and diz- 

15 

0 

1 

0 

0 

0.31 

180 

0 

ziness. 

Feeling well. 

16 

0.02 

0 

0 

0.37 

290 

0 

<( (( 

17 

0.03 

1.17 

0.17 

0.53 

335 

30 

tt (( 

18 

0.35 

1.16 

5.44 

1.01 

595 

32 

Slight headache, nausea. 

19 

0.40 

1.15 

13.54 

1.50 

655 

45 

Headache, nausea, and diz- 

24 

0 

0 

0 

0.50 

145 

0 

ziness. 

Feeling well. 

25 

0 

0 

0 

0.37 

160 

0 

(( C( 

26 

0.04 

0.37 

0.18 

0.51 

210 

66 

(( <( 

27 

0.20 

1.36 

17.34 

0.81 

300 

,24 

Headache, nausea. 


The subjective symptoms disappeared as if by magic as soon as the 
patient began to partake of food. A single piece of toast with a cup of 
coffee at once restored the patient and kept her perfectly cheerful for 
several hours. 

nausea, and dizziness) accompanjdng the fasts, particularlj”^ the 
first one, it was deemed advisable to shorten the starvation periods. 

The figures for the acetone bodies as well as for the ammrmig. 
and the acidity of the urine obtained during three successive 
fasting periods are given in Table I. The days are numbered 
so as to show the duration of the intervening feeding periods. 

The elimination of the acetone bodies and the ammonia rises 
during the first four day fasting period to higher figmes tbgm 
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any heretofore recorded in connection with starvation. 10 to 
12 grams of ^-oxybutyric acid and not over 2 grams of ammonia 
nitrogen seem to represent the maximum starvation figures 
recorded in the literature, whereas Mrs. M. eliminated over 
18 grams of /3-o.xybutyric acid and no less than 2.5 grams of 
ammonia nitrogen during her fourth day of starvation. The 
unusuall}" high degree of acidosis, and the accompanying sub- 
jective symptoms thus observed in this very fat woman, seemed 
to indicate that persons suffering from obesity are indeed more 
subject to acidosis when fasting than are persons who do not 
carry an excessive amount of adipose tissues. 

After an eleven day period on a diet which proved sufficient 
to cause a disappearance of the acetone bodies (in the course 
of three or four days), the second fast began and was continued 
for five da3'’S. A striking difference between the acidosis figures 
of this period and those of the first is to be noted. The acidosis 
did not begin until the third day of this fast, and the patient felt 
well until the fourth daj’’, when 5.4 grams of 0X3’-but3Tic acid and 
1 gram of ammonia nitrogen were eliminated. On the next 
da3'’ (the fifth) all the subjective S3’-mptoms were severe, though 
the analytical results do not indicate an excessive acidosis (13.5 
grams of (3-ox3'^butyric acid and 1.5 grams NH3N). 

During the third and last fasting experiment with this patient, 
which began five da3'S later, the onset of acidosis is even slower 
than during the second period. Indeed, the results of the three 
fasting periods suggest with regard to the complete oxidation 
of bGd3'' fat in starvation that the human organism is capable 
of at least a certain amount of adaptation and that it is this 
individual factor rather than the tcndcnci’^ to obesity or the 
extent of the fat deposits in the bod3' which chicfli" determines 
the onset and the degree of acidosis. 

In order to avoid misapprehension, attention must be c.Tlled to the 
high / 5 -o.xybut 3 wic acid value (17.3 gm.) and the low ammonia nitrogen 
(0.8 gm.) excreted on the last day of the third fasting period. The results 
are altogether anomalous, and it looks as if the patient had been given some 
alkali, a suspicion which we were, however, unable to confirm. The an- 
alyses were repeated and were found to be correct as given in the ta c. 

If the preceding subject was fat, our next one, Mrs. B., "as 
a veritable pork barrel. Mrs. B. entered the Massachusetts 
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General Hospital for the relief of a small infected abrasion of the 
skin on the left leg. After three or four days’ treatment the 
lesions began to heal rapidly and gave no more trouble; and 
as the patient found her movements much hampered b\' her 
immense burden of fat, she readily agreed to undergo several 
short periods of starvation. She was 44 j'ears old, her height 

TABLE n.* 


Mrs. B. Urine, 
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1 

0 

0 

0 

0.51 

340 

0 

Feeling well. 

2 

0 

0 

0 1 

0.53 

365 > 

12.6 

Feeling well, but hungrj'. 

3 

0.28 

0.70 

0.89 

0.58 

330 

35 

Feeling well. 

4 

0.61 

1.74 

2.84 

0.86 

390 

48 


9 

0 

0 

0 

0.52 

230 , 

0 

Feeling well. 

10 

0 

0 

0 

0.56 

310 , 

0 
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0 

0 

0.68 

300 ' 

16 

tl tl 

12 

0.40 

0.90 

2.03 

0.87 

1 300 ’ 

37 

a It 

13 

0.57 

2.20 

1 7.12 

1.22 

' 295 , 

60 

Very hungry. 

27 

0 

0 

! 0 

0.75 

i 240 ' 

0 

Feeling well. 

28 

0 

0 

i 0 

; 0.45 

1 300 

0 

ft ft 

29 

0 

0 

0 

0.54 

1 300 ' 

Trace 

tf It 

30 

0.07 

0.18 

i 0 

0.57 

! 290 

28 

tf tt 

31 

0.11 

0.40 

' 2,9 

! 0.81 

1 300 

30 

It a 

32 

1.00 

1 1.28 

7.2 

1 00 

680 

48 

Very hungry. 


•The daily ration of Jlrs. B. lor ttiree days preceding the first fasting period, and in the 
intervals between the first, second, and third lasts consisted of 200 gin. of bread, three esgs. 
25 pn. of butter, and JOO gm. of boiled cabbage or spinach. Xo salt was allowed. Our firrt 
patient, ilra. was oven a somewhat aimilar diet. In her case, however, the food was not 
weired. During the fasting periods distilled water only was taken. 


was 133,5 cm. (5 ft. 4.5 in.), and she weighed 178 Idlos when 
admitted to the hospital. 

Table II contains the analj^tical figures bearing on the acidosis 
that developed in the course of three fasting e.vperiments. On 
comparing these figures B-ith those in Table I it will be seen that 
Mrs. B., not\\-ithstanding her extraordinary obesity, developed 
nowhere near the degree of acidosis that we encountered in Mrs. 
M. At the end of the first four day fast the latter excreted 18.5 
grams of /S-o.xA-butjTic acid in twent 3 -four hours, while Airs. 
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B. excreted only 2.8 grams. On the fifth day of the second period 
the figures were 13.5 grams and 7.1 grams, respectively, and in 
the third period (fifth day) 13.5 as against 2.9. 

In view of these results we are inclined to conclude that obesity 
cannot be regarded as a predisposing factor in the development 
of acidosis. 

By comparison of the three fasting periods in Table II it will 
be seen that the adaptation to fasting observed in connection 
with the first patient is again quite unmistakable, notwithstand- 
ing the fact that the acidosis developed during the initial period 
was very slight indeed. We therefore concluded that one of 
the effects of repeated fastings is habituation to the complete 
oxidation of mobilized body fat, and a consequent retardation 
of the development of acidosis. It would, of course, have been 
ver 3 '- interesting and instructive if each of these two series of 
experiments could have included a great many more fasting peri- 
ods, but the first patient had to be operated on, and both women 
were impatient to get back to their famihes. 

The results obtained suggest, however, that one perfectly 
safe, rapid, and effective method of reducing the weight of very 
obese persons is by a series of repeated fasts of increasing duration, 
using the ammonia or /3-oxybutyric acid elimination as a guide to 
the length of each fast. Qualitative tests or quantitative deter- 
minations of the acetone or the diacetic acid or both are of 
comparatively little value as measures of the acidosis, because 
whatever there is of acid intoxication must be chiefly due to the 
/S-oxybutyric acid, and there is apparently no quantitative relation- 
ship between this acid and the other two acetone bodies. 

Tables I and II also contain figures for the acetone of the 
expired air. The acetone of the breath has figured extensively 
in clinical hterature on acidosis, one statement frequently en- 
countered being that the expert chnician can detect the acetone 
smell as soon as he enters the room of a child or diabetic patient 
who has acidosis. From our quantitative figures it can be seen 
that the total amount of acetone eliminated through the lungs 
in the course of an hour .always fell below 50 mg. 50 mg. 
per hour would amount to 1.2 grams for a full twenty-four hour 
day. Such an amount of acetone, and indeed several times 
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as much, can be scattered on the floor of a closed closet, and 
within an hour the odor will have disappeared. 

Method used for the determination of the acetone in the breath. The pa- 
tient was made to breathe through a rubber mouth-piece, such as is used in 
respiration work, the nose being closed by means of a nose-clip. The 
mouth-piece was connected with a respiration, valve to which in turn was 
attached a wide absorption tube (inside diameter 25 mm.). The lower 
end of this tube was perforated by several holes (about 2 mm. in diameter), 
and reached to the bottom of a cylinder (60 mm. in diameter), containing 
75 cc. of a 0.5 per cent solution of sodium bisulphite. The breathing 


III. 

Mrs. M. Urine. 
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through this absorption apparatus was continued for one to two minutes.’ 
The solution was then made up to a definite volume and the acetone wm 
determined in an aliquot part by our turbidity method. 

In Tables III and IV are given a few additional anal3TicaI 
data tv'hicb it has seemed best to put on record. 

Creatinine and creatine. The creatinine figures are given 
partlj"^ as an index of the degree of completeness of the urine 

’ Both of our patients had been used man}' times in respiration experi- 
ments in connection with the determination of basal metabolism and had 
been trained to maintain their normal respiration rate when breathing 
through the apparatus. 
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collection, although the quantitative collection of urine from fast- 
ing women is a relatively simple matter, since defecation occurs 
so seldom in this condition. Except during the first period with 
oUr second patient the creatinine elimination remained very 
constant. 

The creatinine figures indicate one other point which is not 
without interest. Our second patient has been presented as 
being, if anything, fatter than the first, their weights being 178 
and 108 kilos, respectively, at the beginning of the first fast; 

TABLE IV. 


Mrs. B. Urine. 
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0.65 
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0.14 
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0.65 
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0.12 


29 
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0.65 
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0.14 


30 

420 

6,3 

0.65 
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0.14 


31 

390 

6.7 

0.72 

0 


0.14 


32 
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6.8 

0.72 

0 


0.14 
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judging by the weights, appearance, and body measurements 
that seemed to be true. 

From the acidosis standpoint, both patients were certainly 
extremely obese, without regard to wdiich may have carried the 
greater amount of inert fat per unit of fat-free living tissue. 
The ci’eatinine figures indicate perhaps that the less heavy woman, 
Mrs. M., was the more obese of the two, since she excreted only 
half as much creatinine per day as Mrs. B., yet weighed con- 
siderably more than half as much as the latter. The "creatinine 
coefficient” is, however, very variable in women, and it is doubt- 
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ful how much significance can be attached to the creatinine 
elimination as an index of obesity. The muscular tonus of 
Mrs. M. was probabl 3 ’' greater than in Mrs. B. Except when fast- 
ing the former was very active and carried her weight well, while 
the latter declined to take any exercise whatever, 

TVe have included our creatine figm-es in the tables, although 
we do not care to discuss them at the present time. Evei^’’ pre- 
caution was taken to remove the acetone and diacetic acid before 
making the creatinine determinations. The figures given for 
the creatine nitrogen are, therefore, of some interest in con- 
nection with the conclusion of Graham and Boulton, that the 
so called creatine in urine of fasting subjects represents nothing 
else than errors in the determination of the preformed creatinine, 
and that no creatine is obtained if the diacetic acid is destroyed 
before determining the preformed creatinine. 

Total nitrogen and uric acid. The total nitrogen elimination 
is strikingly low in both subjects. The current opinion that 
fasting adults reach an approximatelj' common and relativeh* 
high level of nitrogen elimination (10 to 14 grams) after three to 
five days of fasting, and this independent^ of their previous 
diet, is probably not correct. In this connection we might cite 
the figures which one of us obtained several j'ears ago from a 
man who began to fast at the end of a two week feeding experi- 
ment on an almost protein-free I‘%tarch and cream”) diet. 


] 

! 1st DAT 

I 

2dd>t 

3d DAT 

1 4th DAT 

5th DAT 

Nitrogen 

Uric acid N 

ffm. 

4.4 
' 0.15 

I gm. 

6.5 

0.21 

gm. 

10.8 

0.22 

gm. 

11.0 

0.21 

gm. 

12.2 

0.23 


This subject was neither fat nor unusua^ emaciated and 
was confined to his bed during the staiv-ation period. His daih- 
creatinine N elimination was 0.33 gram; i. e., exact^' the same 
as that given by Mrs. M. 

Two conclusions with reference to the nitrogen elimination 
suggest themselves: first, that the obese destroj' less bodj' pro- 
tein during moderate periods of starvation than others; and, 
secondlj'-, that with repeated fastings their adaptation to the 
complete utilization of bodj' fat, which was indicated bj' a re- 
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tarded and diminished excretion of acetone bodies, is also accom- 
panied by a sparing of the body protein. The latter conclusion 
may be regarded as a verification of a similar deduction arrived 
at by Howe and Hawlri in their experiments on dogs. 

The uric acid output is also remarkably small in our obese 
women as compared with the uric acid values obtained from 
the man. Opinions differ as to whether the uric acid elimination 
in man is or is not completeh'^ independent of the total nitrogen 
elimination. Since the metabolism of glandular organs plays 
a much greater role in the production of purines than in the set- 
ting free of creatinine there is no reason why the total protein 
metabolism might not affect the total purine production more 
than it affects the production of creatinine, and our results in- 
dicate that such is the case. 

SUMMAKY. 

Obesity is not a predisposing or contributing factor in the 
onset or intensity of the acidosis of starvation. 

The total acetone excretion with the breath in staiwation is 
quantitatively insignificant (at most 1 gram per day), and the 
notion, current among clinicians that they can smell acetone “all 
over the room” when a case of acidosis is present, is erroneous. 

By repeated fasts of moderate duration the obese acquire an 
increased ability to starve without the production of acetone 
bodies. 

The obese lose less body protein than others in the course of 
moderate periods of starvation (four to six days), and on repeat- 
ing the fasts the losses of body protein become still smaller. 

Successive moderate periods of starvation constitute a pcr- 
fectl 3 '' safe, harmless, and effective method for reducing the weight 
of those suffering from obesity. 


* P. E. Howe and P. B. Hawk: Jowr. Avi. Chein Soc., x.xxiii, p. 253, 1911. 
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Br OTTO FOLIN axd W. DEXIS. 

{From the Biochemical Lahoralory of Harvard Medical School, Boston.) 

(Received for publication, March 8, 1915.) 

In 1903 Momer* accidentally' discovered a peculiar protein 
substance in the eggs of the ordinary perch (Perea fliiviatilis L.) 
to which he gave the name perca globulin. ■ The substance was 
particularly abundant in the t'iscous fluid surrounding the eggs. 
It gave the reactions of globulins, but its chief characteristic is 
a pronounced astringent taste w'hich differentiates it from all 
other protein materials found in the eggs of other species of fish. 
It is further peculiar in that it gives precipitates with ovomucoid 
and other glycoproteids, and is precipitated bj' fairly' concen- 
trated hy'drochloric acid solutions (0.75 per cent). 

Having been unable to find a similar substance in the roe of 
any' other fish, not even in the sea perch (Labrax lupus Cuv.), 
Morner asked us some time ago to examine the eggs of the Ameri- 
can perches in order to determine whether these also contain 
the unusual globulin in question. 

Through the courtesy of H. M. Smith of the U. S. Bureau of 
Fisheries we obtained last spring samples of ripe and unripe 
roe from y'ellow perch and pike perch. The aqueous e.vtracts 
from these were tested with hydrochloric acid and with ovomu- 
coid, according to Momer’s directions. The available samples 
were rather small, and with our dilute extracts the precipitates 
obtained with the above mentioned reagents were not very' strong. 
The hy'drochloric acid precipitates dissolved when we added 
enough hy'drochloric acid to give a concentration of 0.75 per cent. 
The peculiar astringent taste reported by' Morner, was, however, 
pronounced and unmistakable in all of the e.xtracts. In the 
unripe eggs it was much more pronounced than in the ripe ones. 

■ C. T. Morner: Ztschr. f. physiol. Chem., xl, p. 429, 1903. 
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The precipitates obtained with hydrochloric acid and with ovomu' 
coid seemed to correspond approximately to the intensity of the 
astringent taste. 

We conclude therefore that the perca globulin discovered by 
Mbrner in the common European perch {Perca jiuviaiilis L.) 
is also present in the roe of the two American perches, Perca 
flavescens and Perca sorzoscedion (yellow perch and pike perch). 



NOTE IN DEFENSE OF THE FOLIN-FARMER METHOD 
FOR THE DETERMINATION OF NITROGEN. 

bt otto FOLIN. 

{From the Biochemical Laboratory of Harrard Medical School, Boston.) 

(Received for publication, Jklareh 13, 1915.) 

In the January' number of this Journal Bock and Benedict 
criticise the Folin-Farmer colorimetric method for determining 
nitrogen in urine, and describe two modifications which they 
find give better, though still unsatisfactorj' results. The rela- 
tive merits of the modifications ma\' be left out of consideration, 
for the present at least; because preferences in such matters 
are determined more bj' the facilities available in different labo- 
ratories than b}' the comparative accuracy of which each process 
is capable. 

The criticisms of the'original method I cannot accept in silence 
inasmuch as scores of students and many mature persons are 
everj' year learning the method in our laboratories. Within 
the last few weeks I have had two such, each of whom had, how- 
ever, to spend about two weeks before satisfactorj’ agreement 
between the results of the colorimetric and of the Kj'eldahl method 
was obtained. 

The first thing that students do in learning the method is to 
take a standard ammonium sulphate solution and determine 
the ammonia in it bj* the aeration-colorimetric process, using 
the same ammonium sulphate solution as the standard. If the\' 
get too low results they are told to check up the completeness of 
the aeration by means of an additional aeration leading the air 
into a second receiver containing distilled water acidified with 
hydrochloric acid and to test for ammonia with Nessler’s reagent. 
They thus get acquainted with the air current, and incidentally 
demonstrate that the air contains no ammonia. 

This preliminary work also proves to their satisfaction and 
mine that ammonia can be determined by means of the aeration- 
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colorimetric method to the same degree of accuracy as is obtained 
in i-cading the standard solution against itself. The next step 
in learning the process is to apply the micro Kjeldahl treatment 
to the standard ammonium sulphate solution and again deter- 
mine the ammonia. This process is repeated until consistently 
satisfactory results are obtained. 

The suggestion of Bock and Benedict that there are several 
inherent errors in the method, errors amounting to 5 to 10 per 
cent, errors which are sometimes additive and sometimes (nearly) 
balance each other, sounds more antagonistic than convincing. 
Such antagonism toward a new process offered in place of the 
tried and reliable Kjeldahl process is, of course, quite legitimate. 
The Kjeldahl method had to pass through many years of un- 
favorable comparisons with the older and reliable Dumas method, 
and it took scores if not hundreds of researches before the merits 
and the limitations of the Kjeldahl method became a matter 
of generally accepted knowledge. In fact, the agricultural 
chemists are still publishing official reports on various forms of 
the method. 

Bock and Benedict find that when they pass ammonia-free air 
into acidified water and Ncsslerize, tracts of ammonia are ob- 
tained. I have already explained that this phenomenon does 
not happen in our laboratories, and the point is checked up by 
every careful new learner of the method. That it does not occur 
here can readily be inferred from the discussion by Folin and 
Macallum on the determination of ammonia in urino.^ Bock 
and Benedict explain the finding of ammonia in blank tests on 
the basis of back diffusion resulting in the absorption of ammonia 
from the laboratory air. The explanation seems rather fanciful 
and cannot be correct, since it is not encountered here. A more 
plausible explanation is perhaps to be found in the fact that the 
air supply in Benedict’s laboratory does not come from out of 
doors. Our air supply does, and with us it makes no demon- 
strable difference whether the air used in driving over the ammonia 
is or is not washed with sulphuric acid, though we always do first 
pass the air through dilute sulphuric acid contained in two litci 
bottles. We use these wash bottles less because of the ammonia 


* O. Folin and A. B. Macallum: this Jottrfial, -xi, p. •‘>24, 1912. 
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than because of the moisture of the compressed air which some- 
times condenses in the pipes. 

As a matter of curiosity Dr. Denis and I detei’mined a short 
time ago the ammonia present in three wash bottles which had 
been used without change in my laboratorj^ since November 
16, 1911; i.e., about three and a half years. Hundreds of aera- 
tions, many lasting for hours, must have been made through 
each, and back diffusion through open rubber tubes could have 
occurred during the entire period. Originally each bottle con- 
tained 500 cc. of water and 50 cc. of concentrated sulphuric 
acid. The total ammonia nitrogen found in the bottles amounted 
in each case to 8 to 10 mg. 

I confess to some skepticism concerning the ammonia ob- 
tained by Bock and Benedict in their blank experiments. With 
my older aeration method for the determination of ammonia, 
the air current in many laboratories was used for several hours 
and blank errors such as are quoted by Bock and Benedict could 
hardly have escaped detection. It seems to me more probable 
that the "ammonia” obtained from the laboratorj' air by Bock 
and Benedict represents reducing substances, such as aldehyde, 
hydrogen sulphide, etc. The finding is nevertheless of some 
importance, of course, because it evidently represents a possible 
source of error in colorimetric ammonia determinations when 
inside laboratory air is used.^ The en-or due to such sources is, 
however, not comparable to the error due to ammonia. In the 
case of the latter the error would be approximatelj’’ proportionate 
to the time the air current is used, whereas with volatile reduc- 
ing bodies there would probably be obtained as much apparent 
ammonia at the end of two minutes as at the end of two hours. 
Bock and Benedict have recorded only the results of ten minute 
periods. 

In connection with their discussion of ammonia absorption from the 
laboratory air, Bock and Benedict take occasion to express grave doubts 
.as to the validity of the ammonia determinations in blood published by 


- If the results reported by Bock and Benedict had come from a less 
competent investigator than Benedict, I should have suspected dirty 
utensils as the source of the ammonia, because of the prevalence of ammon- 
ium salt deposits in chemical laboratories. 
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Folin and Denis. We liave never attached any great significance to the 
absolute figures for the ammonia found in the general systemic blood be- 
cause the values are so extraordinarily small. An error of 50 to loo'per 
cent in the figures is praetically immaterial. As compared with results 
obtained by any other known method we believe that ours are the most 
reliable. Since the doubts expressed by Bock and Benedict are based 
on observations which have no bearing on our work and 'on interpretations 
which I believe to be erroneous, further defense of the figures published 
by Folin and Denis is, I think, not necessary. 

Other sources of possible error suggested by Bock and Benedict 
are: (1) traces of ammonia in the sulphuric acid and potassium 
sulphate, — an error which applies with nearly equal force to the 
Kjeldahl method; and (2) unavoidable errors in measuring 1 cc. 
with Ostwald ^pipettes and in the readings of the colorimeter. 

The error in the use of Ostwald 1 cc. pipettes Bock and Benedict 
estimate at 1 per cent or over, whereas Farmer and I have expli- 
citly stated that when used as described the error is only about 
0.1 of 1 per cent.® Our method of using the pipettes represents 
no unusual or impracticable refinements, and the ten-fold multi- 
plication of this error indulged in by Bock and Benedict I regard 
as unwarranted and unfair. The point involved may seem small 
to the casual reader, but the whole system of analysis which 
has been developed and is being further developed in this labora- 
iovy depends on the use of these pipettes, and I cannot allow such 
criticism to pass without a protest. The other day I took at 
random one of a dozen pipettes and with it measured into four 
100 cc. Erlenmeyer flasks 1 cc. of normal hydrochloric acid. To 
each I added 25 cc. of water and four drops of indicator (“methyl 
red")' Then I prepared some approximatelj'^ 0.025 normal sodic 
hydrate and titrated the contents of the flasks to the same end- 
point. The following figures were obtained: 42.1, 42.1, 42.1, 
42.05, expressed in cc. 

The accuracy of the colorimetric readings is unfortunately 
more subject to the “personal equation,” and it doubtless does 
amount to 1 per cent as Bock and Benedict state, at least in many 
cases. Using a clean colorimeter and setting both sides of the 
instrument at 20 mm., with the standard solution in both and thus 
getting the appearance of the theoretical equality fixed, I find 


5 0. Folin and C. J. Farmer: this Journal, xi, p. 494, 1912. 
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that not only I, but the majority of other workers, can make the 
subsequent readings practically perfect. Experience in the 
use of the colorimeter counts for much, and here where it is con- 
stantly used for many different lands of determinations the 
errors due to uncertainties in the readings average, I think, 
considerably less than 1 per cent. 

Those who cannot readily iearn to use the colorimeter with accuracy 
and certainty can, of course, substitute titration with 0.02 x sodic hydrate. 

“Methj'l red” appears to be much superior to “alizarin red” which we 
formerly recommended as indicator in connection with ammonia titrations. 

As against the formidable array of analji-ses offered bj^ Bock 
and Benedict in proof of their conclusion that our method gives 
results which vary from -f-4 to —11 per cent from the values 
obtained by the Kjeldahl method, I can onlj- refer to the figures 
published by Farmer and myself.^ I made all the colorimetric 
readings involved in those determinations and did not know 
the values given by the Kjeldahl process until after my readings 
had been recorded. 

It is to be noted that in 57 of the 71 analyses reported bj’- 
Bock and Benedict the enors recorded represent losses of am- 
monia. If the source of those losses had been located and cor- 
rected their analyses would have had a verj’- different appear- 
ance and the described modifications would have appeared less 
unmistakably superior to the original method. Bock and Bene- 
dict could, of course, not rectify the error since their air supply 
yielded “ammonia” even after being washed by 50 per cent 
sulphuric acid. TiTien I drive 1 mg. of ammonia nitrogen 
into a 100 cc. volumetric flask containing 30 to 50 cc. of water 
and 2 cc. of 0.1 n HCl in such a waj’’ that all of it goes over in 
ten minutes, and pass the air current coming from the flask 
into a test-tube containing 2 to 3 cc. of acidified water, I find 
from 0.0005 to 0.003 mg. of ammonia nitrogen in the latter; 
i.e., a loss of from 0.05 to 0.3 of 1 per cent. 


‘Folin and Farmer; loc. cU., p. 501. 




CREATININE AND CREATINE DETERMINATIONS.' 

THE OCCURRENCE OF CREATINE. 

bt j. lucien morris. 

{From the Laboratory of Biological Chemistry, Washington Vniversity, 

St. Louis.) 

(Received for publication, March 24, 1915.) 

Interference with the usual colorimetric procedures for deter- 
mining creatinine and creatine in the urine of diabetics and of 
those undergoing starvation has long been attributed to the 
presence of acetone bodies and glucose. The conversion of 
glucose and other sugars to interfering acids during the h3'droly- 
sis of creatine introduces an error which makes the creatinine- 
creatine value questionable. The presence of acetone bodies in 
the various possible proportions renders the quantitiesof creatinine 
and creatine both uncertain, since the latter is determined as an 
addition to the former. TlTiether the effect is an apparent increase 
in creatinine and a corresponding decrease in creatine value, or 
the reverse, is a question with evidence on each side. Klercker^ 
and Graham and Poulton^ agree that acetone causes a decrease 
in the creatinine results, while Van Hoogenhuj'^ze and Verploegh'* 
and ICrause® report a temporary elevation, but later disappear- 
ance of the excess color, allowing the value to become correct. 
Krause, Wolf and Osterberg,® Rose,^ and Graham and Poulton® 
found that aceto-acetic acid, or its ester, increases the creatinine 

* A preliminary report of the methods here published was made before 
the Society of Biological Chemists, December 28, 1914. 

" K. O. Klercker: Biochem. Ztschr., iii, p. 45, 1907. 

' G. Graham and E. P. Poulton: Proc. Roy. Soc., Series B, Ixxxvii, 
p. 205, 1913-14. 

' C. J. C. Van Hoogenhuyze and Verploegh: Ztschr. f. physiol. Chem., 
Ivii, p. 161, 1908. 

‘ R. A. Krause: Quart. Jour. Exper. Physiol., iii, p. 289, 1910. 

® C. G. L. Wolf and E. Osterberg: Am, Jour. Physiol., xxv’iii, p. 71, 1911. 

’ W. C. Rose, this Journal, xii, p. 73, 1912. 

* Graham and Poulton: loc. cit. 
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value, though the two last authors found the opposite effect 
clue' to small amounts of the ester. Graham and Poulton further 
report that sodium aceto-acetate decreases the apparent value 
of creatinine. Conflicting as these results appear, the conclu- 
sion must be drawn that there is an undoubted interference 
due to the presence of acetone and aceto-acetic acid (the effect 
of jS-oxybutyric acid is considered negligible), though its exact 
nature may depend upon factors as yet undetermined. 

When the presence of these substances is known, their removal 
before proceeding with the determinations has not proved easy. 
Greenwald® suggested an extraction-aeration method for freeing 
urine of aceto-acetic acid. This required three hours; and Gra- 
ham and Poulton^® proposed to substitute distillation with phos- 
phoric acid under reduced pressure. Lately” these two workers 
have returned to the ether extraction method, but increase the 
extraction time to twelve hours. The possibility of shortening 
the time, or of simplifying the process by which tlie interference 
can be avoided, prompted the work here reported. 

In previous investigations'^ which included creatinine and crea- 
tine determinations in rat urine, I had used standard solutions 
of the double picrate of potassium and creatinine. In prepar- 
ing this interesting double salt from urine it was found to precipi- 
tate almost quantitatively. Whereas Jaffe'^ had found the solu- 
bility of this salt in water to be a little less than 0.2 gram in 100 
cc., I found its solubility in urine saturated with picric acid to 
be about one-fourth that amount. If conditions could bo main- 
tained, it seemed that this salt offered a means of separation from 
the disturbing factors. The method to be described accom- 
plishes such a separation (with a fairly constant amount remain- 
ing in solution). In addition to maintaining conditions of pre- 
cipitation it is only required to redissolve the double salt and 
detei’mine the creatinine value of this solution by the modified* 
Folin'^ method. 

® I. Greenwald: this Journal, xiv, p. 87, 1913. 

Graham and Poulton: loc. cil. 

n Graham and Poulton: Jour. Physiol. {Proc. Physiol. Soc., Iv), xlviii, 
1914. 

0. Folin and J. L. Morris: this Journal, .xiv, p. 509, 1913. 

M. Jaffe: Ztschr. f. physiol. Chem., x, p. 397, 1886. 

' Folin and Morris : this Journal, xvii, p. 469, 1914. 
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The details of the method are as follows: To 100 cc. of urine 
in a beaker add 1 gram of solid picric acid; warm to hasten the 
solution of the picric acid, but heat on a water bath to tempera- 
tures not higher than 60°C. Allow the mixture to cool, stir well, 
and at the expiration of four hours the creatinine is all nrecipi- 
tated except a fairly constant amount which remains perma- 
nently in solution. (There is no additional precipitation after 
two days.) Now decant through a Gooch crucible and return 
the portion of the precipitate thus caught on the asbestos mat 
to the beaker. Dissolve the double salt by heating on a water 
bath with 100 cc. of approximately f HCl and add hot rinse 
waters to make up to volume in a 500 cc. flask. Filter a por- 
tion from asbestos and determine the creatinine in a 10 cc., 5 cc., 
or smaller portion of the solution, according to which volume 
gives a value nearest 1 mg. standard. The standard I have 
preferably used in all creatinine determinations is a solution of 
potassium creatinine picrate of such strength that 10 cc. contain 
1 mg. of creatinine (0.5388 gram of double salt in 1000 cc. 
HCl). This strength standard is very advantageous in that it 
is available alike for determining creatinine values of solutions 
containing 0.1 mg. per 1 cc., and those containing ten or fif- 
teen times that amount. When solutions of the latter strength 
are being determined the 1 cc. portions taken for analysis are 
diluted to 10 cc. before the reagents are added, thus main- 
taining the same percentage alkalinity in aU the reaction mixtures. 

The determination of creatine was carried out in a very similar 
manner. Conversion of creatine to creatinine is accomplished 
by the Myers'® autoclave method. I use 100 cc. of urine and add 
20 cc. of 5 N HCl to it. At the expiration of about forty minutes 
the urine is removed from the autoclave and 10 per cent NaOH 
added to neutralize the HCl. The end-point desired is slightly 
acid, with organic acids (red to Congo, but red also to litmus). 
A heavy precipitate ndll appear. Make up to 200 cc., filter, 
and collect 100 cc. for precipitation as in the creatinine determi- 
nation. The conditions of precipitation alone varj"-, 1.5 gram 
of picric acid being used and the solution hastened by heating 
over a free flame. The precipitation is somewhat slower, and 


“ F. G. Benedict and V. C. Myers: Am. Jour. Physiol., xviii, p. 397, 1907. 
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I usually leave it over night. In calculating, allowance must be 
'Wilde for the fact that 100 ce., from which the creatinine-creatine 
(total creatinine) is precipitated, correspond to half tliat volume 
of the original urine. 

The precipitation is not complete in either case. The e.xtreme 
variations of the amount remaining in solution are from 5 mg. 
in 100 cc. of a pure aqueous solution of creatinine (with only a 
little KH2PO4 added to supply the potassium for the double 
salt) to 15 mg. in the most concentrated solution analyzed for 
creatinine-creatine. An adjustment for this incomplete precipi- 
tation, which has proven satisfactory, is made b}'- adding an aver- 
age correction of 8 mg. in each determination of creatinine and 
an average correction of 12 mg. in each determination of cre- 
atinine-creatine. These figures are used on the basis of the 
uniform volume of 100 cc. of solution precipitated, and have 
been added to all results of the precipitation method appearing 
in the tables. The size of these coirections, as well as the greater 
time required for an analysis, renders the method less desirable 
for general routine use than the usual procedures of Folin'“ and 
M 3 ''ers.^^’ However, in cases of evident interference, the method 
is a much easier one than those of extraction and distillation. 
That it efficiently does away with these troubles appears in the 
results recorded in Tables I and II. 

Table II presents comparative results of creatinine and creatin- 
ine-creatine determinations made on the same urines by the use 
of the Folin, Myers, Benedict,'® and precipitation methods. The 
urines there reported include one from a diabetes case, one from 
a patient undergoing starvation, and two normal urines with 
large amounts of sodium aceto-acetate, acetone, and glucose 
added. These results and many other similar ones, seem to in- 
dicate the nature of the interference in the Folin, Myers, and 
Benedict methods of analysis due to the presence of acetone bodies 
and glucose. As interpreted on the basis of the precipitation 
method, there is an apparent creatinine value given by the Folin 
'method in the presence of acetone bodies, which is less than the 
true value. This decrease very gradually disappears, allowing 

Folin and Morris: loc. cit. 

Benedict and Myers : loc. cil. 

S. R. Benedict: this Journal, xviii, p. 191, 1914. 
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TABLE I. 

Crealinine and creatinine-creatine determinations in normal urine with 
and without the addition of creatine, glucose, and acetone bodies. 


ADDITION IN GM. PER 100 CC. 

1 URINE 
, 1 

URINE 
2-a * 
^ 1 

URINE 

2-b ; 

URINE 

3 

*Creatine 

i 0 

1 



0.038 

Glucose 

1 


1 ® j 

0 

I 

Acetone bodies 

! ° 

0 

1 

P-O.’cybutyric acid 1 gm., 
aceto-acefic ester 1 gm., 
j acetone 0.5 gm. 

O 

’§ 

Precipitation 

method 

I 


0.132 

1 0.130 

i 

1 

0.119 

[ 

CD 

u 

O 

1 

Folin method 
[ (revised) 

■ 

n 


0.108 to 0.121 
(during 3 hrs.) 

o ' 

Precipitation 

method 


i 

0.205 

. .. 


0.157 

a 

9 , 

V ' 

Folin method 

(revised) 1 

1 0.139 

0.207 

1 

0.211 

0.162 

.£ ! 
•S ! 

! 

ci 1 
p 1 

Myers method j 

0.141 


0.220 

0.174 

o 

Benedict method 

1 

* 0.148 

t 

1 

j 0.228 

! 0.164 


All figures are in gm. per 100 cc* of volume. 

■These figures represent the creatinine equivalent of the creatine added. 

the reading to approach the true one after two or three hours. 
In the presence of glucose, however, the increase is supplemented 
by another, due probably to the picramic acid*® formed, and 
the increase continues far bej^ond the true value of the creatinine. 
Further, the status of the creatinine-creatine determination seems 
to be that the Folin method gives about the true value, avoiding 
practicall5'’ all interference, while both the Myers and Benedict 
methods give high values, due largely to the decomposition prod- 
ucts of glucose. 

'“R. C. Lewis and S. R^ Benedict: ibid., xx, p. 61, 1915. 
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TABLE 11. 


Comparative creatinine aiid crcalininc-crealine results determined by 
several methods in urines containing interfering substances. The lower 
figures in the first and second columns are the corresponding iwcniy-Jour 
hour quantities. The lower figures in the third and fourth columns are the 
theoretical figures per 100 cc. 



1 

! diabetic* I 

1 tJKINE 1 

i 

1 

starvation*' i 

BRINB 

1 ITBtNE -V*** UBIN’E B*"** 

Aceto-acetic acid, acetone and 
glucose added to each. 
Compare note 


Precipitation 

0.079 

1 0.039 

0.118 1 

1 

0.092 


method j 

0.99 

1 0.98 

‘ 1 

] 0.095 

I 

Creatinine 

Folin method (re- 
' vised) 

' 0.069 to 1 
1 0.075 (dur-| 
ing 5 hrs.) 1 

[ 0.031 to 1 
1 0.034 (dur- 
i ing 2 hrs.) 

1 0.104 to 

1 0.125 (dur- 
ing 3 hrs.) 

i 0.076 to 

1 0.127 (dur- 
ing 21 hr.6.} 
0 .323 at 
end of IS 
hrs. 


i 0.86-0.94 i 

I 

1 0.78-0.86 

0.144 at 
end of 6 
hrs. 


Precipitation 

i 0.130 

0.056 

' 0.161 

0.16S 


method 

j 1.63 

1.41 

, 0.156 

0.171 

O 1 

.S ' 
■g 1 

0 

1 

Folin method (re--| 

' 0.140 

0.057 ; 

} 0.167 

1 

I 0.176 

vised 

|1.75 

■ 1.44 

I 0.156 

0.171 

0? . 

.s 

!s 

Miners method 

j 0.151 

i 0.059 

- ■ 

! 0JS2 

0.193 

c3 

a 

u 

o . 

1 1.89 

1 

11.49 

[ 0.156 

t 0.171 

Benedict method 

\ 

i 

1 0.057 

( 0.175 

I 0.206 


i 

1 

1.44 

! 0.156 

1 

^ 0.171 


*B W., 14 yrs. old, on carbohydrate-tree diet; acidosis and small amount of glucose. 

erst day on Lenhartz diet,follonine2ueeks’stan-afion; acotonoandnccfo-.icclicacjd 

1.65 cm., /8-oxybutyrio acid 6.0 gm. in 24 hrs. 

***A., artificial diabetic urine; 1000 cc, contained 100 cc. of mixture of sodium nceto-acc 
and acetone (made by treating accto-acetic c^er with NaOH for 36 hrs.). 30 gm. glucose and 0.5W 

gm. creatine (equivalent to 0.38 gm. creatinine), and urine to make liter. _j „.„tone 

•‘••B., artificial diabetic urine; 1000 cc. contained 200 cc. of sodium 
mixture, SO gm. glucose, 1.000 gm. creatine (equivalent to 0.760 gm. "p Z; 

creatinine, value 0.136 per 100 cc., and water to make up to volume. 7/10 X 0.136 - 0.095 g 
(calculated value of 100 cc. ol urine as prepared. 
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The question sometimes has arisen whether the Jaffe reaction 
really is a measure of the creatinine present, to the exclusion of 
other substances which gi^m the same or similar color with the 
alkaline picrate. The precipitation of creatinine as the double 
picrate is so specific a reaction, no appreciable amount of creatine 


TABLE m. 

Occurrence of creatine in urine. 


1 

1 

. 1 

1 

1 

CHILP ( 

[ 

POSTPARTUM 

(3d d vt) 1 

DIABETIC > 

STARVATION 


Precipitation 

0.0S3 i 

0.151 ' 

0.135 

0.033 

o 

method 

0.62 

1.07 

1.42 

0.79 

p 

O 

Folin method (re- 
vised) 

O.OSl 

i 

0 151 

t 

0.133 

0.028 to 
0.030 (dur- 
ing 4 hrs.) 



j 0.61 

1.07 

1.40 

0 67 - 0.72 


(^Precipitation 

j 0.101 

' 0 232 

0.167 

0 048 


1 method 

j 0.76 

1 05 

1 

1 1 .75 

1.10 


• 

Folin method (re- 

j 0.09S 

I 0.227 1 

! 0.165 

0 046 

p 

V 

1 

vised) 

0.74 

1 

j 1 73 

1 10 



0.101 

— 

1 0 177 

0.047 

u 1 


j 0.76 

— 

I 1 86 

1.13 

1 

1 

Benedict method 

j 0 091 

' 0 227 

' — 

— 



! 0 08 

1 01 

~ 

— 


The upper figures represent gm. per 100 cc., the lo-wcf figures, gm. per 24 hrs. 


being precipitated though added in large quantity to mine (com- 
pare Table I), that this method of its determination may seiAm 
for identification wherever doubt may arise. Further, the pre- 
cipitation method for determining creatinine-creatine will answer 
the related question as to whether the ‘creatine’ appearing as an 
additional amount of creatinine after hydrolj’sis is really such, 
or some other substance or substances converted into a form giv- 
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ing the color reaction. Precipitation as double picrate of thib 
resultant ‘creatinine’ under the same quantitative conditions as 
with creatinine would seem to offer a final answer to this doubt. 
The results appearing in Table III conclusively prove that the 
often reported creatine in the urine of children, women in post 
partum, diabetics, and starvation cases is actually converted 
quantitatively into creatinine by heating in acid solution, and can 
be obtained as double picrate according to all the conditions of 
precipitating creatinine. 


CONCLUSIONS. 

1. Precipitation of creatinine as creatinine potassium picrate 
is offered as a means of freeing the colorimetric determination 
of creatinine and creatine from the interfering presence of acetone 
bodies and glucose. 

2. Comparative results obtained by this precipitation method 
and the Folin, Myers, and Benedict methods upon the same 
urines indicate the following effects of acetone bodies and glu- 
cose upon the true creatinine and creatine values: (a) The Folin 
method for creatinine gives an immediate decrease due to acetone 
bodies, followed by a very gradual increase to a much exaggerated 
level, due to glucose. The Folin method for creatinine-creatine 
suffers little or no interference, but the decrease in creatinine 
correspondingly elevates the apparent value of creatine. The 
Folin method for creatinine-creatine, used with the precipitation 
method for creatinine, gives satisfactory results in all cases 
tried where irregularities occur in results by the Folin method, 
(b) The Myers and Benedict methods for creatine give high 
results, presumably due to the action of decomposition products, 
especially those arising from glucose. 

3. The creatine hitherto reported in the urine of children, post 
partum women, diabetics, and those undergoing starvation, is 
shown in each case to be actually converted into creatinine, and 
as such to give the color reaction. The identity of the compound 
is thereby established. 

To members of the Barnes Hospital staff in the Departments 
of Medicine, Pediatrics, Obstetrics, and Surgery, I wish to ex- 
press my thanks for so kindly supplying the urine of the several 
cases included in this paper. 
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{From the Department of Physiology, University of TFisconsin, Madison.) 

(Received for publication, March 29, 1915.) 

Since 1900, when Jacob 3 '' initiated the intensive stud}' of autol- 
ysis, a mass of data has accumulated relating to the effect of 
various substances upon the autol 5 ’tic reaction of tissues. 

Jacoby himself showed that the liver of a phosphorus-poisoned animal 
digests itself faster and more completely than that from the normal ani- 
mal. Hedin and Rowland’ in 1901 showed that the addition of acid to 
liver, spleen, Ij'mph glands, kidney, and heart muscle accelerated the 
reaction and led to more complete digestion of the proteins than occurred 
in unacidified tissues. Ascoli and Izar* in 190S showed that colloidal 
metals, Fe (OH)j and As.Sj, produce the same effect. In 1909 Preti* found 
that salts of lead in certain concentrations increase liver autolysis. Later’ 
he showed acceleration in the presence of salts of Fe, Mn, Au, Pt, Al, and 
Co; while salts of Cu, Ni, Cd, Mg, and Zn inhibit the reaction, and salts 
of Ca, Na, and K have no effect. In 1911 Schapiro’ confirmed Preti’s work 
with salts of Fe, connecting the liver necroses of pernicious anemia with 
the increased Fe deposited there as hemosyderin. Pollini* also repeated 
Preti’s observation on the effect of Fe compounds and confirmed his re- 
sults. Kepinow’ in 1911 showed that iodine solutions increased liver autol- 
j’sis whether injected first into the li^ung animal or added to a normal 
liver hash. Kaschiwabara’ in 1912, however, showed that the in vitro accel- 
eration found by Kepinow was due entirely to the faulty technique em- 


' M. Jacoby: Ztschr. f. physiol. Chem., xxx, p. 174, 1900. 

’ S. G. Hedin and S. Rowland: ihid., xxxii, pp. 341 and 531, 1901. 

’ M. Ascoli and G. Izar: Biochem. Ztschr., mi, p. 142, 1907; x, p. 356, 190S. 

* L. Preti: Ztschr. f. physiol. Chem., Iviii, p. 539, 1909. 

’ Preti: ibid., lx, p. 317, 1909. 

* L. Schapiro: Ztschr. f. exper. Path. u. Therap., xi, p. 355, 1912. 

’ L. Pollini: Biochem. Ztschr., xlvii, p. 396, 1912. 

®L. Kepinow: ibid., xxxvii, p. 23S, 1911. 

’ M. Kaschiwabara: Ztschr. f. physiol. Chem., Ixxxii, p. 425, 1912. 

209 



210 Studies of Autolysis 

ployed. He could demonstrate no marked effect of iodine on the autolv- 
sis of a normal liver. He confirmed the effect produced by injecting iodine 
into an animal and later observing the rate of autolysis of the liver upon 
removal. 

These tjfpical examples serve to show what a wide i-ange of 
substances are reported as accelerators of autolysis. There is 
little or no evidence of what the mechanism of this increased 
digestion may be. Much of the data, indeed, appears unreliable 
on account of the technique adopted. The method of heat 
coagulation and estimation of non-coagulablc nitrogen in the fil- 
trate is one most commonly found in the literature. Its unre- 
liability under the varying conditions of the experiments is 
obvious. Where the technique was adequate the interpreta- 
tions are frequentl 3 '' confused or not justified by the data. It 
seemed, therefore, desirable to repeat in some detail a few of the 
more suggestive experiments in the hope of arriving at some 
basis of interpretation of the results alreadj'' obtained. 

Perhaps the most common oversight to be found in the liter- 
ature of autclj'^sis is the failure to differentiate between accelera- 
tion of the reaction and change of equilibrium. A catalytic 
reaction may be enormously accelerated without involving any 
alteration of the point of final equilibrium, and a typical example 
of this is acceleration produced by an increase of the catab^st 
present. The inversion of cane-sugar may be greatb'- acceler- 
ated by increasing the concentration of acid or invertase present 
without appreciably altering the level at which the reaction comes 
to equilibrium. The presence of more catalyst or enzyme should 
not lead to any marked shift in the equilibrium of the reaction, 
except when a more or less stable combination is formed between 
the enzyme and substratum or between enzyme and products. 
In the autolytic reactions we may assume that the enzymes 
act approximately like true catalytic agents — at least until evi- 
dence to the contrary is obtained. In the presence of a largo 
excess of w'ater the reaction — PROTEIN-}-WATER< ^PROD- 
UCTS — should go to the complete hj’^drob^sis of the protein. 
Where trypsin or erepsin is the enzyme, it is well known that 
we may get complete loss of the biuret reaction from a protein 
digest, made sufficiently dilute. Hydrolj'sis of the protein 
therefore appro.ximates 100 per cent in such cases. With othei 
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proteases under similar conditions of dilution we get approxi- 
mate!}' 100 per cent hydrolysis of the specific protein substratum. 
Tissue autolysis appears, on the other hand, to be an exception 
to this general rule. The exception, however, is more apparent 
than real, as we expect to prove. 

The interpretation of his results given by Preti is that the 
metallic salts which he used with liver pulp were themselves 
catalytic agents. His figures, on the other hand, clearly show 
that the salts not only accelerate the reaction, but lead to a shift 
in the point of equilibrium toward more complete hydrolysis. 
The salts, therefore, cannot be catal}’tic agents. Hedin and 
Rowland, studying the effect of acids upon autolysis, suggest 
that either a zymogen is activated by the acid, or the enz}'me 
already free is rendered more active. But activation of a z}Tno- 
gen should cause acceleration of the reaction without such pro- 
nounced shifts of equilibrium as they record. Increasing acti\dty 
of an already active enzyme would be indistinguishable from an 
increase in amount of enz}'me unless the specific nature of the 
enzyme itself were also changed, — ^and of this there is no positive 
evidence. 

EXPEHIMENT.\t P.A.RT. 

In the follov'ing experiments we have verified in detail one 
of these striking reaction changes induced by manganous chlo- 
ride, and have attempted an explanation of it in terms of cataly- 
sis such that it can be broadly applied to many other similar 
phenomena. We believe that the experiment leads to a con- 
ception of the autol}'tic reaction which has very definite bear- 
ings upon its relation to atrophy, involution, and necrosis. 

Fresh liver of dog or pig was ground to a smooth pulp in a hash machine. 
In some cases the pulp was rubbed through a twenty-mesh sieve orsqueezed 
through a perforated die to remove shreds of connective tissue; in others 
the whole pulp was used. Xo essential difference was found between the 
siev'ed and the unsieved tissue ; since the connective tissue is never digested, 
and merely increases the total protein nitrogen of the mixture. 50 gm. 
portions of this pulp were made up with toluene-water to 250 cc. M ith 
a blunt ended pipette, used throughout the series, a 25 cc. initial sample 
was taken at once, diluted with 25 cc. of water and 50 cc. of a tannic acid- 
salt solution made up according to Plimmer’s formula.*” .\fter standing 

R. H. A. Plimmer: Practical Physiological Chemistry, London, 1910, 
p. 256. 
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for twelve hours or more the precipitated proteins were filtered off and 
the nitrogen was determined by the Kjeldahl method in 25 cc. of the fil- 
trate. Where not otherwise specified the tabulated figures indicate the 
amount of ^ HCl required to neutralize the ammonia distilled from 
these aliquots. The increase of such soluble nitrogen forms a safe basis 
for judging the rate and extent of protein hydrolysis. Digestions were 
kept at 37° C., shaken frequently to insure saturation with toluene, and 
from time to time further aliquots were removed and assayed. Total 
nitrogen was determined in 10 cc. of the digestion mixture, the sample 
being usually taken after autolysis had gone on for several days, so that 
a representative portion could be obtained. From these data the per- 
centage proteolysis of each aliquot was calculated. 


CO. 



Table I. Tabic II. 

Curve 1. 

Experiment I. The effect of manganous chloride on dog liver 

autolysis. 

The experiment shows that increasing the amounts of MnClj 
present leads to a roughly proportional acceleration and shift- 
ing upwards of the equilibrium. While in the presence of the 
higher concentrations of the salt, the reaction has not fully reached 
equilibrium at the end of the experiment, it is at least approxi- 
mated. Even in two or three days it is quite possible to dis- 
tinguish between true acceleration and an acceleration accom- 
panied by a shift of equilibrium. The control is usually'’ ivithin 
10 per cent of equilibrium at the end of two days. It should 
be pointed out that even in ten days the reaction may not be at 
an absolute point of balance. There is usually a very slow con- 
tinuation of the reaction after that time — almost nil in the con- 
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trols, quite appreciable in those containing considerable amounts 
of the salt. For all purposes the reaction is at equilibrium be- 
fore ten days. The slow but measurable change after that is 
probably due to another factor which will later be explained. 


TABtE I. 
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Experiment II. Determination of the optimum concentration of 
manganous chloride. 


In both livers the optimum digestion required l/lO mol. MnCb 
present. Nos. I, V, and Yl, dog liver, were allowed to continue 
autolyzing for a month. At the end of that time, the control, 
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Dog liver. 
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Pig liver. 
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No. I, had increased from 25 to 27 per cent digestion; V had 
attained 87 per cent; and VI, 79 per cent. No. I still retained 
the pink color of unaltered hemoglobin with no apparent climinu- 
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tion in the mass of suspended, undissolved protein. In the other 
two nearly everj-thing but shreds of connective tissue seemed 
to be in solution. 

It will be seen that the zinc salt used has much' the same tj'’pe of 
effect on autoij'sis of pig liver as the salt of manganese. Its 
accelerating action is less pronounced and appears in a narrower 
range of concentration. It is interesting to note too that pig 
liver normally autolyzes much more completely than dog liver, 
and does not seem to be accelerated by low concentrations of 


cc. 



CcBVE 2. 


the manganese salt, but somewhat inhibited. Curve 2 shows 
the relation between the concentration of '\’InC]2 and the approx- 
imate equilibria attained in ten day digestions. 

Experiment III. Determination of the effect of manganous chloride 
on various livers. 

The effect of jVInCb is e\’identl3’^ alike qualitativeh* on all 
mammalian livers tried. On the other hand, teleost livers, as 
exemplified b3^ the dog-fish and sand-shark, are conspicuous b3' 
the ver3- slight or negative effect produced. This bears out the 
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well loiown differences between teleost and mammalian liver, 
mile the shark liver has a true hepatic function in that it secretes 
bile, it does not, on the other hand, store glycogen; it ff'equently 
contains enormous amounts of fat,— 60 per cent of the moist 
weight,— and its enzymic content is very different from the 
liver of mammals.” 

Acceleration of liver autolysis by mangahese salts may be 
due to the following reactions, — assuming that the proteases 
act like true cataljdiic agents or as nearly so as does trypsin, 
for example. 

I. The salt may activate a zymogen. This should require only 
very minute amounts of the salt, since the actual mass of enzyme 
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must be very small indeed. Such an activation should cause 
acceleration without such pronounced changes in equilibrium. 
If the enzyme were a true catalyst in the theoretical sense, it 
should have no effect on equilibrium. 

II. The salt may render the enzyme more active in the sense of 
being less specific, so that it can catalyze the hydrolysis of more of 
the proteins present. This should lead to acceleration and a 
shift upward of equilibrium. 

III. The salt may provide a medium in the nature of a cofer- 
ment, similar to hydrochloric acid and pepsin, in which an other- 

H. C. Bradley: this Journal, xiii, p. 407, 1912-13. 
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wise inaciite enzyme or zymogen becomes active. K this new 
enzyme were also less specific than the normally active autolytic 
enzjnneSj it should result in more rapid and complete digestion. 

IF. The salt may combine with the proteins present rendering 
them mare labile or available as substratum for the existing enzymes. 
This would cause acceleration and shift of the final equilibrium 
toward greater hydrolysis. The optimum conditions should 
be reached after the addition of considerable amounts of i'lnCb; 
since the mass of protein present is large. Also since the salt 
evidently has little deleterious effect on the enzjune, even in 
relatively high concentrations, the continued addition of it should 
lead to gradual inhibition due to increased \iscocitj% changes 
in surface tension, etc. 

Of these four mechanisms, No. I seems least likely. Small 
amounts of the salt appear to inhibit the digestion in some cases; 
in all the optimum concentration is high. The shifts upward 
in the equilibrium, amounting as they do to over 300 per cent, 
are too large to be attributed to enzjune-substrate or enzj-me- 
products combinations. While such shifts are well known in 
enzyme reactions, as a rule they are of smaller magnitude.*®-** 
Of the other hj^potheses, the last appears to us to accord best 
with the facts observed. The large amount of the salt required 
for optimum results tends to negate II and III. The fact that 
the connective tissue remains undigested in all experiments 
suggests that the enzjme itself has not lost its erepsin-like speci- 
ficity. This is further confirmed bj"^ the fact that ovalbunun or 
edestin added to these h 3 'drolyses do not digest. If the enzyme 
had become a less specific protease we should expect these native 
proteins and the connective tissue of the gland to undergo 
h 3 'drolysis. 

In concrete form, our h 3 rpothesis follows. Liver pulp contains 
a variet 3 ' of protein fractions: A. Connective tissue; collagen, 
reticulin, etc. This fraction is wholly insoluble under ordinary 
conditions, even in the presence of AlnClj. It remains intact 
at the end of the longest autol 3 'sis. Though protein, it ob- 
\dousl 3 '^ cannot be considered as substratum. Its mass there- 

Bradley: xbid., p. 251, 1910. 

” In the case of lipase we may get shifts of equilibrium with increased 
enzyme concentration which do attain large proportions. 
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fore has no effect on the reaction, though it will be represented 
in the total nitrogen of the digest. B. A protein fraction con- 
sisting probably of albumins, hemoglobin, nucleoproteins, and 
a mass of insoluble proteins, which are not normally hydrolyzed 
by the autolytic enz3anes. Liver protease was shown by Jacoby” 
to be quite specific; by Vernoni^ to resemble erepsin. The B 
fraction is ordinarily unavailable for the specific protease of the 
liver and hence cannot be considered as substratum. Its pres- 
ence in the liver autolysis can have no mass effect in determining 
speed of reaction or point of equilibrium. Like the connective 
tissue it has no influence on the autolytie reaction. C. Prob- 
ably a globulin-like fraction, catalyzed by the normal enzymes 
of the tissue. (According to Jacoby, the liver globulin disappears 
during the course of autolysis, the albumin does not.) This 
fraction constitutes the real substratum; its mass determines 
the amount of non-precipitable nitrogen produced during autoly- 
sis since it is hydrolyzed completely. The liver of the pig con- 
tains a larger proportion of the C fraction than does that of the 
•dog. Any addition to the C fraction — ^from without, or from 
within by the conversion of some of the B fraction into available 
protein — ^will result in a more rapid liberation of non-precipitable 
nitrogen, and a proportionately larger amount at the end of the 
reaction. The effect of the MnCL in this series of e.vperiments 
is, we believe, so to alter proteins of the B fraction that they 
become available in the reaction. The more of the salt added, 
the greater the mass of substratum thus added to the original 
C fraction until all of the protein susceptible to this change has 
been converted into digestible material. This is the optimum 
concentration of the salt, and further additions produce no effect. 
It is quite possible that during life the amount of the C fraction 
may be increased in the liver. Such a liver on removal will 
autolyze faster and farther than the normal. The effect of 
iodine injections, of lead or phosphorus poisoning, is probably 
so to alter the liver proteins that more become available to the 
autolytic enzjunes. 

From the values tabulated we see that the available C fraction 


Jacoby; Ergebn. d. Physiol., i, p. 213, 1902. 
”H. M. Vernon: ibid., ix, p. 138, 1910. 
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amounts in the dog liver to 25 to 30 per cent of the total nitro- 
gen. In pig liver it is frequently more. This fraction is indi- 
cated by the amount of hydrolysis in the normal controls. The 
C and B fractions together amount to 75 to 90 per cent of the 
total nitrogen, since that is the amount of hydrob'sis after add- 
ing the optimum amount of MnCU. Proteins of the B fraction 
in the dog thus amount to about 50 to 60 per cent of the total 
nitrogen. Connective tissue constitutes about 10 to 25 per cent 
of the total nitrogen. 

A normal liver hash after months of autolysis still remains 
thick and turbid with suspended insoluble proteins. Its color 
is the pink of hemoglobin, evidently untouched by the proteo- 
lytic enzymes. In the MnCb treated samples the color disappears 
in one to two days, the turbidity clears up quickly, and at the 
end of a few weelcs the digest separates into a clear pale yellow 
solution with the undigested connective tissue shreds collecting 
with the toluene at the top. It is certain that the great mass of 
protein material, left undigested in the control after months of 
standing in the incubator, is in such treated samples completely 
dissolved. The control autolysis does not stop because the en- 
zyme is destroyed; it stops because there is no more substratum 
for the enzyme. That this is not a case of pseudo-equilibria 
due to inactivation of the enzyme before true equilibria are 
reached is shown in the following experiment. 

Experiment IV. 

A liver hash was allowed to autolyze for twenty days. At the end of 
this period, when equilibrium had long since been attained or at least 
approximated, the hash was divided. One part was allowed to continue 
normally, another was treated with AlnClj. Digestion was resumed in 
the latter. 
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The enzymes were therefore still active even after three weelcs’ 
autolysis. 

The very slow continuation of the reaction after ten days is 
piobably due to the gradual change of some of the insoluble 
B fraction into substratum. This may be brought about by slow 
hydrolysis due to water alone, or it may be due to an enzyme 
present in exceedingly minute amounts. 



Days 0 10 20 30 

ConvE 3. 

SUMMARY. 

1. In the presence of a large excess of water, pig and dog livers 
autolyze until 25 per cent or more of the total nitrogen is non- 
precipitable by tannic acid. About 75 per cent remains indefi- 
nitely undigested, though the enzyme is still active for a long time 
after the reaction comes to approximate equilibrium. 

2. If MnCh is added to a liver digest, the reaction is so altered 
that from 75 to 90 per cent of the nitrogen is soluble in tannic 
acid. A residue of connective tissue chiefly — amounting to about 
10 per cent of the total nitrogen — ^remains indefinitely undigested. 

3. The addition of small and increasing amounts of the salt 
leads to proportionate shifts upward of the equilibrium until a 
concentration of 1/10 mol. is reached. Beyond this, increasing 
concentration of the salt gradually diminishes the speed and 
lowers the equilibrium point. 
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4. The effect of the MnCI* is believed to be due to its so alter- 
ing the normally resistant fraction of liver proteins as to render 
them digestible by the protease present. The effective mass of 
substratum in the digest is thus increased by the presence of 
MnCls- 

5. The pseudo-equilibria represent therefore true points of 
equilibrium, determined by the mass of proteins constituting 
the effective substratum present in each case. The other pro- 
teins present are unavailable and exercise no influence on the 
equilibrium of the reaction. 




ON THE INFLUENCE OF BALANCED AND NON-BALANCED 

SALT SOLUTIONS UPON THE OSMOTIC PRESSURE 
OF THE BODY LIQUIDS OF FUNDULUS. 

By JACQUES LOEB and HARDOLPH WASTENEYS. 

{From the Laboratories of The Rockefeller Institute for Medical Research.) 

(Received for publication, April 15, 1915.) 

I 

In former publications Loeb has described a method which 
offered an indirect proof for his assumption that a pure NaCl 
solution of a suflaciently high concentration rendered the cell 
membranes permeable, while the addition of CaClj counter- 
acted this destructive effect of a pure solution of NaCI. This 
method consisted in measuring the time during which the fer- 
tilized eggs of Fundulus were able to float on solutions of a higher 
specific gravity than the egg. Thus it was found that the egg 
will float on a mixture of 100 cc. 3 m NaCl + 1 cc. 10/8 m CaClj 
for several days, during which time the embryo will continue 
to live and develop; while in a pure 3 m solution of NaCl the em- 
bryo will die and the egg will sink to the bottom of the test- 
tube in a few hours; and in a 10/8 m solution of CaClj it will 
sink in less than one-half hour.^ Loeb assumes that in the mix- 
ture of NaCl -f CaClz the embryo can live and the egg can con- 
tinue to float, since the membrane remains intact for several 
days; for it can be shown that a mixture of 3 m NaCl + 1 cc. 
CaCb kills the embrj’-o of the young flsh almost instantly after 
hatching. The embryo can, therefore, remain alive in such 
a solution because the membrane remains impermeable for the 
solution, while each of the constituents alone at this high con- 
centration rapidly renders the membrane permeable and thus 
reaches the embryo. Bj-- the same method it was ascertained 

* J. Loeb: Science, xxxvi, p. 637, 1912; Biochetn. ZUchr., xlvu,p. 127, 1912. 
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Osmotic Pressure of Fundulus 


that after a brief treatment of the egg with an injurious solu- 
tion it sank very rapidly when put into a mixture of 100 cc 3 m 
N aCl + 1 cc. 10/8 M CaClz. 

This method could not be applied to the fish itself and it seemed 
advisable to ascertain for this object by a direct test whether 
or not a pure NaCl solution of a sufiicient concentration in- 
creases the permeability of the fish rapidly, while the addition 
of a trace of CaCb counteracts this effect. This question could 
be decided by measuring the concentration of the body juice 
of the fish in isosmotic concentrations of balanced {e.g., sea water 
or NaCl CaCb) and non-balanced solutions {e.g., NaCl). 

Fundulus is too small to permit extensive work with the deter- 
mination of the alteration of the freezing point of the blood. It 
was necessary to determine the alterations of the freezing point 
of the body juice of the fish, obtained with the aid of a Buchner 
press. The general method consisted in this: The fish were kept 
in a solution of a certain concentration and constitution for 
some time, and then, after having been washed several times for 
about five minutes in a porcelain filter with fresh water (to get 
rid of the solutions adhering to the surface of the fish and its 
gills), they were decapitated, cut into smaller pieces, and sub- 
mitted to the Buchner press. The freezing point of the liquid 
obtained was determined. 


II. 


The fish were kept in artificially prepared sea water consist- 
ing of 100 molecules of NaCl, 2.2 molecules of KCl, 1.5 molecules 
of CaClz, 3.8 molecules of MgS 04 , and 7.8 molecules of MgCh- 
Since the sea water had to be prepared in large quantities no 
chemically pure salts were used. The freezing point depressions 
of this sea water for different concentrations were as follows: 


“C. 


m/ 2 sea water.. 
m/4 sea water. 
m/ 8 sea water . 
m/16 sea water 


A = 2.071 
A = 1.038 
A = 0.540 
A = 0.285 


The fish were kept in m/2 sea water unless the contrary is stated. 
The pure NaCl solutions used had the following freezing point 
depressions : 
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"C. 

M/2NaCI A = 1.7S0 

M/4NaCl A = 0.S95 


We took it for granted that the freezing point depression of 
the body juice of Fundulu^ kept in m/2 sea water would be a con- 
stant, but were surprised to find that this is not the case. It 
was generally noticed that the freezing point of the bodj' juice 
of the fish became lower the longer they were kept in the labora- 
tory. Thus in one case the bod 3 ' juice of the fish, immediate^’' 
after they were brought into the laborator}’- and before thej’^ 
were put into the tanks, had a depression of A = 0.945°. The 
fish were then distributed into three solutions of artificial sea 
water of different concentrations, m/2, m/8, and m/16. After 
three intervals of 1, 8, and 21 daj's the freezing point of their 
body juice in each of these solutions was determined. 

TABLE I. 

j DEPRESSION or FREEZING POINT OF BOOT 


I JCICE OF FISH AFTER 

I iday 8 days j 21 days 

I °C. ! ’C. ; °C. 

I ' 

In m/ 2 sea water I 1.050 ■ 0.925 0.830 

In m/8 sea water | 0.900 | 0.935 , 0.825 

In m/ 16 sea water I 0.900 i 0.840 ‘ 


In m/2 sea water the concentration of the bodj'' juice of the 
fish was diminished more than 25 per cent in three weeks. In 
.m/8 sea water at first a slight rise but then also a diminution took 
place. In a second experiment of this kind the body juice of the 
fish when brought into the laboratorj’-, before thej^ were put into 
the m/2 sea water, had a freezing point depression of A = 0.875°. 
They were then put into m/2 and m' 8 sea water, respectivelj’^. 

tabu; II. 

f DEPRESSION OF FREEZING 

J poixr or BOOT jcice 

or FISH AFTER 




3 days 

!6 da>*s 



•c. 

"C. 

In m/2 sea water 


0.925 

o.soo 

In m/8 sea water 


0.895 

0.7S5 
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Again we notice that the freezing point depression becomes less 
the longer the fish remain in the laboratory. The difference in m/2 
and m/8 sea water was small, as was to be expected since Fmdiihs 
lives equally well in m/2 and m/8 sea water. The body juices of 
the fish become less concentrated the longer the fish lives in the 
aquarium, and this diminution therefore is in wide limits inde- 
pendent of the concentration of the outside solution. We thought 
at first that we were the victims of definite errors due to differ- 
ences in the way of washing the fish, but control experiments 
eliminated this explanation. It finally occurred to us that the 
lack of food might be the cause of this change, since the fish were 
not fed in the laboratory. A test seemed to confirm this sus- 
picion. A set of fish brought into the laboratory on November 
23 were kept under the same conditions and without food, each 
in m/2 sea water. After three weeks the freezing point depression 
of their body juice was found to be 0.795°. They were then 
divided into two lots; one was fed regularly with fish food, the 
other remained unfed. The result is contained in Table III. 

TABLE III. 

FREEZING POINT DEPRESSION OF FISH IN M/2 SEA 
WATER AFTER 

\ 

2 days 

S days 

After eight days of feeding the freezing point depression had 
increased considerably, while in those not fed the freezing point 
had diminished further. 

It is not possible to express any suggestion as to the source of 
the effect which starving has on the freezing point depression, 
though it seems more promising to look for the cause of these 
variations in the 'organic rather than the inorganic soluble con- 
stituents of the fish. As a result of our observations we my 
state that' the osmotic pressure of the body juice of Funduhisin 
m/2 or m/8 sea water is not a constant, but diminishes apparently 
with continued starvation. It varies roughly between A = 1.00 
and A = 0.78 - 0.74° or a little less. Roughly speaking, it is 
a little below that of m/4 sea water and may go 25 per cent 
below this limit. 

The results show that in experiments of this kind the freezing 


FED 

VNPEP 

■>0. 

°c. 

0.820 

0.795 

0.890 

0.740 
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point of the body liquid in normal sea water has to be determined 
as a control in each case, especiallj' if the fish are not fed as in 
our experiments. 

III. 


The influence of varying concentrations of the sea water upon the 
osmotic pressure of the body juices of Funduhis. 

Loeb has shown that this fish can live equally well in solutions 
from 10/8 M to m/128 sea water.^ It is necessaiy to bring the 
fish not too suddenly from normal into the 10/8 m sea water. It 
was of interest to find out the possible changes which occur in 
the concentration of the body juices of these fish in sea water of 
different concentrations. Fish brought in at the same time were 
distributed into various dilutions of sea water. Table IV gives 
the result in dilute solutions. 

Fundulus were kept for eight days in sea water of the follow- 
ing concentrations; m/2, m/4, m/16, m/32, m/64, and m/128. 
The osmotic pressure of the body juice was determined after one 
day, and after eight days. (The fish had been in the laboratory 
for eighteen days previous to the beginning of the experiment.) 


m/ 2 sea water. . . 
m/4 sea water. . . 
m/ 8 sea water. . . 
m/16 sea water. . 
m/32 sea water. . 
m/64 sea water. . 
m/128 sea water. 


TABLE IV. 


A 

AFTER 1 DAY 

A 

AFTER 8 DATS 

•c. 

•c. 

0.850 

0.790 

0.810 

0.820 

0.780 

0.760 

0.755 

0.735 

0.770 

0.770 

0.765 

0.730 

0.715 

0.750 


The influence of the dilution of the sea water is more marked 
after one day than after eight days. If we make allowance for 
irregularities due to unknown internal causes we notice that there 
is after eight days only a slight if any difference between the 
body liquids of the fish kept in sea water varying between m/2 and 
m/128, and this agrees with the fact that in all these solutions 
the fish can live indefinitely with the possible exception of the 
weakest solution. • 

•Loeb: Biochem. Zlschr., liii, p. 391, 1913. 
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THe statement occasionally made that the blood of euryhaline^ 
fish has a lower osmotic pressure when they are in dilute sea water 
is not correct for the body liquid of Fwidulus, when this teleost 
has been kept for some time in the medium; while a slight influ- 
ence of the concentration may show itself earlier. 

With the same lot of fish some experiments had previously been 
made with sea water of a higher concentration; namelyj 6/8 m 
and 10/8 m, after one day and later. All the fish had first been 
in m/2 sea water and the concentration of the sea water was 
gradually raised (each day by almost but not quite m/8) until 
it had the desired concentration. 

TABLE V. 

A I A I A 

AKTER 1 DAY [AFTER 6-8 DtYsi AFTER 0 DAYS 

“’C. ‘C. I °C. 

0.925 0.850 : 

1.025 0.880 I 

1.190 0.945 ' 

» 

0.850 0.800 j 0.825 

1.190 1.195 I 1.040 



In another experiment after one day A was in 6/8 m sea water 
0.916; after five days 0.855. 

For the sake of completeness we wish to add a series of measure- 
ments made two years ago. 


TABLE VI. 


Lowering of the freezing point of the body juice of Fundulv>i. 


In m/80 NaCl 4- KCl + CaCU after 4 days 1-01 

In m/80 NaCl -1- KCl -t- CaCfi after 1 day 0.97 

In m/80 NaCl -^ KCl -f- CaCl? after 1 day 0.99 

In m/8 NaCl -f KCl + CaCU after 7 days 0.95 

In m/2 NaCl + KCl + CaCU after 7 days 0.98 

In m/2 sea water after a number of days ^-00 

In m/2 sea water after a number of days 1-00 

In m/2 sea water after a number of days 0.9G 

In m/2 sea water after a number of days 

In 10/8 M NaCl -f- KCl -fi CaCfi ad apted gradually ^^2 

> This term denotes the fact that the fish can live in concentrations 
varying within wide limits. 
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The results agree with those given before, except that A was 
in general slightlj’- higher, possiblj’’ because the fish had been fed 
regularly, though we have failed to keep a record on this point. 

The result is very characteristic. During the first day the 
body juices of the fish change in concentration in the same sense 
with the change in the concentration of the medium. After some 
time this difference disappears or is greatly diminished. This 
diminution is less noticeable in the 10/8 m sea water than in the 
.m/ 1 or 6/8 m sea water. This maj'' possibly be explained b 3 " the 
fact that the fish were kept at a comparatively high temperature 
and hence were not quite normal in 10/8 m sea water. This 
point will be further investigated. It is, therefore, possible 
that the change in the concentration of the sea water increases 
transitorilj' the permeability of the skin, but that this transitorj’ 
increase in permeabilitj' is rapidly repaired and leads to no injur 3 ' 
of the fish. 

IV. 

We now come to the main problem of this paper; namely, 
whether the permeability is increased more if we put the fish into 
a non-balanced solution than if we put it into a balanced solution 
of the same concentration. For the sake of briefness we con- 
sider a solution of one sodium salt, e.g., NaCl or NaBr or Na;SO«, 
as a non-balanced solution, while the addition of a trace of CaCl; 
makes the solution more balanced. NaCl -b KCl CaCU 
in the proportion in which these salts exist in the sea water is 
more balanced than NaCl + CaCl* without KCl, and sea water 
is a complete^' balanced solution. It should also be realized 
that as long as a pure NaCl solution has a veiy* low concentra- 
tion it is not verj^ toxic, i.e., the fjsh can live verj^ long if not in- 
definitelj" in such a solution, and hence it is not possible to show 
that the addition of CaCb improves the solution, though this 
maj^ be the case. If, however, the concentration of NaCl in- 
creases, it becomes more toxic, and in this case the addition of 
CaCb prolongs the life of the fish considerably. It should also 
be remembered that the toxic limit of the solution of dLfferent 
Na salts varies with the anion; thus Na:SO< is more toxic than 
NaCl, and NaNOj more toxic than either; i.e., it requires a lower 
concentration of Na:SO<, and a still lower concentration of NaNOs, 
to kill the fish in a definite time. 
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The theory formerly expressed by Loeb consisted in this, that 
NaCl (or NajSO^ or NaNOs) should increase the penneability 
of the skin of the fish more rapidly when alone in solution than 
when CaCb is added. When, therefore, the toxic solution is 
hypertonic (compared with the concentration of the liquids of 
the body) the concentration of the body juices of the fish should 
be increased niore rapidly in a pure solution of NaCl than in a 
mixture of NaCl + CaCb of the same osmotic pressure; and if 
the toxic concentration has a lower concentration than that 
of the liquids of the body the decrease in the concentration of 
the body juices of the fish should be more rapid in the pure solu- 
tion of the toxic salt than if an antagonistic salt is added. 

Moreover, it should be expected that the toxic solution gradually 
increases the permeability, and that the higher the concentra- 
tion of a given toxic solution, the more rapidly should the permea- 
bility increase. The change in the permeability precedes the 
change in the concentration of the body liquid. 

In a pure 6/8 m NaCl solution the fish will die in a few hours; 
in an 8/8 M solution they will die in less than one-half hour. In 
a w/2 NaCl solution they may live a day; sometimes a few may 


live two days or a little longer. 

°c. 

A of fish 0.5 hour in m/1 NaCl (all dead) 1.490 

A of fish 1.5 hours in 6/8 m NaCl (1 normal, 4 sick, 1 dead) 1.410 

Control: A of fish in m/2 sea water 0.950 


Another experiment of the same kind gave the following result: 


A of fish 0.5 hour in 8/8 M NaCl (4 normal, 4 lying on side). 
A of fish 1.5 hours in 6/8 M NaCl (4 normal, 5 lying on side) 
Control ; A of fish in m/2 sea water 


•C. 

1.255 

1.270 

0.820 


The rise of concentration of the body juice of the fish in a 6/8 m 
and 8/8 M NaCl solution is therefore enormous. 

The experiment with a 6/8 M NaCl solution was repeated twice 
with the same result. 

•c. 

A of fish 2 hours in 6/8 m NaCl (3 normal, 1 sick) l-f^ 

A of fish 3 hours in 6/8 m NaCl (3 normal, 1 sick) 

In one experiment in m/2 NaCl the result was as follows. 
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•c. 

A of fish 24 hours in m/2 NaCl 1.095 

A of fish 42 hours in m/2 XaCl ^1.160 

A of fish 24 hours in m/2 sea water *1.020 


The concentration of the body juice of the fish therefore is 
higher in m/2 NaCl than in m/2 sea water, and it rises the more 
the longer the fish remains in the m/2 NaCl solution, indicating 
that the change of the concentration of the liquid of the body 
accompanies or follows the alteration of the surface of the body. 
In all these experiments it was dbvionis that as soon as the fish began 
to lie on their sides the osmotic pressure of their body juices had in- 
creased. The toxic effect of the solutions and the increase in 
permeability were closely associated. 

The question may be asked whether in these experiments the 
increase in osmotic pressure noticed in such fish when kept in 
hj'pertonic NaCl solution was not the consequence of this condi- 
tion of sickness. The same type of sickness can be produced 
quickly if we cause the fish to suffocate by replacing the air in 
the solution by hydrogen. Control experiments showed that fish 
rendered “sick” in a pure NaCl solution by driving out the air 
from the solution did not show any greater alteration of the freez- 
ing point of their body juices than fish in the same NaCl solution 
which had remained in contact with air and which were still 
normal. Hence it is obvious that the fact that the fish began to 
lie on their sides in the pure NaCl solutions was the consequence 
but not the cause of the increased permeability of their skin. 

"We now ndsh to compare with this the behavior of the fish in 
physiological^^ balanced solutions. 


Experiment 1. 

•c. 

A of fish 1.5 hours in 6/8 m NaCl (2 normal, 2 lying on side) 1.350 

A of fish 1.5 hours in 100 co. 6/8 m NaCl -j- 1 cc. 6/8 m CaCU (all 

normal) l.OlO 

A of fish 1.5 hours in 6/8 m sea water 1.070 

A of fish 1.5 hours in m/2 sea water 0.990 

Experiment 2. 

•c. 

A of fish 1.5 hours in 6/8 m NaCl (all but 1 normal) 1.110 

A of fish 1.5 hours in 6/8 m sea water (all normal) 0.890 

A of fish 1.5 hours in m/2 sea water 0.835 
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Experiment S. 

"C 

A of fish 2 hours in 6/8 m NaCl (5 normal, 3 sick) 1.320 

A of fish 2 hours in 6/8 M sea water (all normal) 0.990 

It is obvious that in hypertonic physiologically balanced soh- 
tions the concentration of the body jnice of Funduhis rises con- 
siderably less tha7i in the non-halanced solutiojts of the same 
co?ice?itration. 

We will now take up experiments with weaker solutions in which 
the toxic effects appear much later. 

Experiment 4 . 

”C. 

A of fish 4 hours in 5/8 m NaCI (all normal) 1.105 

A of fish 4 hours in 100 cc. 5/8 M NaCl + 1 cc. 5/8 m CaCb (all normal) 0.976 


Experiment 6. 

“C. 

A of fish 20 hours in m/2 NaCl 1.050 

A of fish 22 hours in 100 cc. m/2 NaCl + 1 cc. m/2 CaCb 0.950 


In these and weaker solutions the difference in the action of 
the non-balanced and balanced solution became marked when 
the injurious effects of the non-balanced solution began to show 
themselves. It was therefore necessary to compare the effect 
of pure NaCl solutions of lower concentrations than m/2 for 
different periods of time. 


Experiment 6. 

°c, 

A of fish 17 hours in 3/8 m NaCl (all normal) 0.860 

A of fish 18.5 hours in 100 cc. 3/8 m NaCl + 1 cc. 3/8 m CaCb (all nor- 
mal) 0.850 

A of fish 3 days in 3/8 m NaCl (1 died, rest normal; only the normal 

fish used for determination) 1.085 

A of fish 3 days in 100 cc. 3/8 m Nad 1 cc. 3/8 m CaCl- (all normal) 0.915 

After three days, when the toxic effect of the pure NaCl solu- 
tion began to show itself, the influence on the concentration of 
the body juice was also marked. 
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Experiment 7. 

°c. 

A of fish 20 hours in m/4 NaCl (all normal) 0.8S0 

A of fish 22 hours in 100 cc. m/4 NaCl + 1 cc. m/4 CaCli (all normal) 0.875 
A of fish in m/2 sea water 0.855 

A of fish 4 days in m/4 NaCl (all normal) 0 9^ 

A of fish 4 days in 100 cc. m/4 NaCl + 1 cc. m/4 CaCU (all normal) 0.860 


In a m/4 solution of ISTaCI only after about four days will 
the injurious effects appear, and at this time we also notice that 
in the pure m/4 solution of NaCl the osmotic pressure of che bodj’- 
juice of the fish increases. Some of the NaCl apparentb*^ enters 
the fish. 

In pure solutions of m/8 NaCl or below this concentration 
Fundiilvs lives for weeks or months (if not indefinitely), which 
means in the sense of Loeb’s theorj'- that in such a solution the 
permeability of the surface of the fish is not perceptibly altered 
for such a period o^ time; and hence we should e? pect that in 
these cases the addition of CaCU to an NaCl solution does not 
alter the permeability. This was found to be the case. 

Experiment 8. 

c. 

A of fish 20 hours in m/8 NaCl (all normal) 0.815 

A of fish 20 hours in 100 cc. m/8 NaCl + 1 cc. m/8 CaClj (all normal) 0.795 

A of fish 4 days in m/8 NaCl (all normal) 0 840 

A of fish 4 days in 100 cc. m/8 NaCl + 1 cc. m/8 CaCU (all normal) 0.775 


V. 

Experiments with Na^SOt and NaBr. 

The fi-sh do not five long in a m/4 solution of NaoSO,, and as 
a rule they soon die even in a m/8 solution of NaoSO,; m/50 or 
m/20 solutions are tolerated for a longer time. The following 
table gives the results of some of the experiments. 
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TABLE VII. 

A OF nODl' JUICE OFPDNDULU8 ATTER 


5 days in m/60 NajSO^ . . 

6 days in m/50 sea water 
48 hours in m/20 Na-SO^. . . 
50 hours in m/20 sea water 
20 hours in m/10 Na 2 S 04 . . . 
22 hours in m/10 sea water 


•c. 

0.815 

0.815 

0.765 

0.855 

0.775 

0.875 


2.5 hours in m/ 4 Na 2 S 04 (fish began to turn on side) 0.930 

2.5 hours in m/ 4 sea water 0.820 

1.5 hours in m/ 2 ISra 2 S 04 1.125 

1.5 hours in m/ 2 sea water 0.890 


These experiments show a definite result. Whenever the os- 
motic pressure of the pure Na2S04 solution is higher than the 
normal concentration of the body juice of the fish (m/2 and m/4 
Na2S04) it raises the osmotic pressure of the liquids of the fish 
more than is done by the corresponding concentration of sea 
water; whenever the concentration of the Na2S04 solution is 
lower than the concentration of the body juices of the fish (m/10 
Na2S04 and less) the reverse is the case, although the difference 
is small. When finally the concentration of Na2S04 becomes 
so low that it ceases to be toxic (m/50 Na2S04) it behaves osmoti- 
cally like sea water of the same concentration. This shows 
that a pure Na2S04 solution of sufficiently high concentration 
makes the fish more permeable. 

In a former paper Loeb has shown that the addition of CaClj 
or CaCb + KCl renders a pure Na 2 S 04 solution less harmful. 
Accordingly we should expect that in the latter case the per- 
meability is altered less than in the former case. 


TABLE VIII. 


A BODY JUICE OF FUNDULUS AFTER 


S.>a 

C Q 
2 " 

2 o 

g 2. 

a 


3 hours in m/4 Na 2 S 04 (fish normal) 

3 hours in 100 cc. m/4 NaaSO* 1.5 cc. m/2 CaCb -}- 2.2 cc. 

m/2 KCI (normal) 

16.5 hours in m/4 Na 2 S 04 (fish lying on side but alive). ....■• 
18 hours in 100 ec. m/4 Na 2 S 04 1 cc. m/2 CaCb (majority 
normal) 


•C. 

0.910 

0.880 

1.030 

0.970 
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TA BIE ym— Coctinned. 

A or BOOT JtTTcB or n:rNOTn.t:3 afteb 

•c. 

20 hours in m/8 Na.SO* (mostly normal) 0.750 

20 hours in 100 cc. m/8 NasSO< +1 cc. m/2 CaClj (all normal) 0.810 

1 day in 2/25 m NaiSO* (all normal) 0.720 

1 day inlOO cc. 2/25MNajSO< -1-0.75 cc. m/2 CaClj (all normal) 0.860 
3 days in 2/25 m NajS 04 (all normal) 0.800 

3 days in 100 cc. 2/25 m Ka.SOj -4- 0.75 cc. m/2 CaClj (all 

normal) 0.840 

1 day in m/ 20 NajSO^ 0.770 

1 day in 100 cc. m/20 Na-SO. -f 0.75 cc. m/2 CaClj 0.825 

4 days in m/20 NajSO< 0.765 

4 days in 100 cc. m/ 20 Na-SOi -f- 0.75 cc. m/2 CaCl; 0.820 

These experiments prove that the addition of CaCU diminishes 
or inhibits the increase of permeability induced by vreak solutions 
of NaiSO<- The eSect, however, is slight. 

Very low concentrations of NaBr solutions cause the animals 
to lie on one side and ultimately cause their death, while the 
addition of CaClj inhibits this effect. Since all these solutions 
are strongly hypotonic it was to be expected that if CaClj is 
added to the solution the concentration of the body juices of 
the fish is higher than without the addition of CaClj. This is 
the case. 

TABUS IX. 

A or BOOT JTjicB or rc^xn^trs attbr 



•c. 

1 day in m/50 NaBr (all normal) 0.820 

1 day in 100 cc. m/50 NaBr 0.75 cc. m/2 CaClj (all normal) 0.860 

3 days in m/50 NaBr (all lying on side) 0.750 

3 days in 100 cc. m/50 NaBr -f- 0.75 cc. m/2 CaCl; (all normal) 0.825 

1 day in m/25 NaBr (all normal) 0.830 

1 day in 100 cc. m/25 NaBr + 0.75 cc. m/2 CaClj (all normal) 0.845 

3 days in m/25 NaBr (all lying on side) 0.790 

3 days in 100 cc. m/25 NaBr + 0.75 cc. m/2 CaClj (all normal) 0.840 


VI. 

These experiments do not all give an equally positive answer 
to the question whether or not physiologically balanced solutions 
increase the permeability of the fish. The answer was most 
strikingly positive in the case of hypertonic NaCI solutions. The 
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answer seemed positive but ivas certainly less clearly so in the 
case of NacSOj or NaBr solutions (and we may also add in the 
case of NaNOs, KCl, and of acid, though we are not giving the 
figures in this paper). 

We can understand the fact if we bear in mind that although 
the non-balanced solutions alter the permeability, the death of 
the fish is not due to a change in the osmotic pressure of the 
body juices but to another effect of these substances, which 
requires only a slight alteration and slight increase of permeability 
of the epithelium of the gills, without altering the ■water contents 
of the fish perceptibly. The writers, in a former paper, examined 
the toxic effects of acid on fish and came to the conclusion that 
very weak acid solutions kill the fish by making the gills unfit 
for respiration {e.g., by causing an excessive mucus secretion or 
by otherwise agglutinating the gill leaves)."' This presupposes 
an alteration of the epithelium of the gills, but the fish die from 
suffocation long before any greater osmotic changes than those 
taking place in a neutral H2O solution have had time to occur. 

When the fish is put into a pure solution of NaNOs, or NaBr, 
or KCl, etc., traces of these salts probably diffuse to the nerves 
or muscles of the gill or into the internal ear and possibly along 
the auditory nerve to the medulla. We may e.xpect in this way 
a toxic action of the salt long before a great change in the osmotic 
pressure of the body juices has taken place. According to our 
figures, a slight increase in the permeability of the epithelium of 
the gills precedes this effect of Na 2 S 04 , NaBr, etc., on the nerve 
elements which is prevented through the addition of CaCh. 
It is not excluded, however, that the antagonistic action of CaCh 
in this case is not entirely due to a lowering of the permeability. 
Only in the case of the hypertonic solutions of NaCl do we notice 
great osmotic changes in the fish before it is killed. This is 
due in our opinion to the fact that the direct toxic effects of this 
salt on the nerves and muscles take place only when its concentra- 
tion in the gills or in the brain cavity is comparatively high. 

It is, therefore, obvious that death in all these cases is not due 
to the increase in the concentration of the bod}’’ juice but to the 
toxic salts which diffuse into the gills (or the internal ear and 


^ J. Loeb and H. Wasteneys: Biocliem. Ztschr., xxxi.x, p. 167, 1912. 
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brain cavitj-^?) and which kill the fish bj" stopping respiration 
through influencing the medulla or the ner^^es or muscles of the 
gills. But in all cases the diffusion of these salts'to the nerves 
or muscles of the gill or the internal ear or the brain ca%aty pre- 
supposes an increase of the permeability of the gills, although 
this can not be proved in all cases. 

Fundtdus differs from most fish in that it is within wide margins 
independent of the osmotic pressure of the sea water; but it is 
rapidly killed when suddenly put from normal sea water into 
sea water of a concentration above 9/8 m. Our experiments 
seem to indicate that such solutions also increase the permeability 
of the epithelium of the gills or the whole fish. In other words, 
a balanced solution ceases to be balanced when its concentration 
exceeds a certain limit. This is sufficiently intelligible on the 
basis of Loeb’s former experiments which showed that CaCh 
can antagonize a solution of any other salt only as long as this 
solution does not exceed a certain concentration. For Fundulns 
this limit is high when NaCl is the toxic salt. For other fish 
the limit is much lower, and they can stand sea water, which is 
a physiologically balanced solution, onlj’- in very low concentra- 
tions. This is the case with the majority of fresh water fish, 
which die rapidly when put into ordinary (m/2) sea water. Paul 
Bert found that such fish die from suffocation and that their death 
is caused by "an exosmotic effect upon the gills whose epithelium 
becomes pale and where the circulation stops. The salt of the sea 
water withdraws water from the epithelium and the proper tissue 
of the gills and the finest ramifications of the blood vessels are 
obliterated, either bj' direct action upon the surrounding tissue 
and their contractile fibers or reflexly through the vasomotor 
nerves.”® In addition thrombosis might occur. Backman 
has recently published some obser\'ations on the behavior of 
marine dogfish when put into hypotonic solutions. He found 
that if the sea water in which these fish live (with A = 1.880°) 
is diluted to A = 0.5°, after fifteen minutes the tension of O 2 
in the blood is diminished from 19.1 to 3.7 per cent Oj- He 
assumes that "the hypotonic medium probablj’^ leads to a rapid 


‘ P. Bert; Compi. rend. Acad. d. sc., Ixxiii, pp. 382 and 464, 1871; xcvii, 
p. 133, 1883. 
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injury of the gills whereby the absorption of O 2 is inhibited con- 
siderably.”® For these fish sea water in a lower concentration 
probably alters the epithelium of the gills by causing cytolysis (?). 

SUMMAEY. 

1. The experiments published in this paper show that the 
concentration of the body juice of Fundulus is influenced more 
strongly by non-balanced solutions than by balanced solutions 
of the same concentration. This supports the theory of Loeb 
that non-balanced solutions increase the permeability of the cells. 

2. This influence of the non-balanced solutions on the concentra- 
tion of the body juice of Fxindulus is more obvious when the non- 
balanced solution is a pure (hypertonic) NaCl solution than when 
it is a solution of any other salt (Na 2 S 04 , NaBr, etc.). 

3. This finds its explanation in the fact that the fish do not 
die in anon-balanced solution from the change in the osmotic pres- 
sure of their body juice but from the action of the toxic salt on 
the epithelium, nerves, and muscles of the gills, or by action on 
the inner ear and medulla, which interferes with and finally stops 
the respiration. In the case of a very toxic salt the fish is killed 
before a marked change in the osmotic pressure of the body juice 
has taken place; while in the case of the less toxic NaCl great 
osmotic changes may take place in the fish before the salt will 
kill it. 

4. Balanced solutions, e.g., sea water, when applied in excessive 
concentrations, also increase the osmotic pressure of the body 
juice of the fish; possibly by first increasing the permeability 
of the gills (and the skin) of the fish. 

5. When Fundulus are kept in m/2 sea water for some length 
of time the osmotic pressure of their body juice diminishes con- 
stantly to a certain limit, apparently ns a consequence of starva- 
tion, since feeding seems to inhibit this decline. 


oE. L. Backman: Zcniralbl. f. Physiol., xxviii, p. 495, 1914. 
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Since tlie time of Wolff the feeding standard for milch, cows 
has called for a narrow nutritive ratio; that is, a high percentage 
of digestible proteins in the ration. This standard has been 
made to vary with the production, ranging from 1 :4.5 for a daily 
yield of 27.5 pounds of milk to 1 :6.7 for 1 1 pounds of milk. These 
ratios refer to the proportion of digestible proteins to digestible 
carbohydrates and fats, the latter reduced to a carbohydrate 
basis. Experimental work* covering a period of nine years, as 
well as the experience of many dairymen, has even dictated the 
possibility of somewhat widening this ratio for economical pro- 
duction, and a ratio of 1:8.5 has sometimes been found econom- 
ical where low producing animals are involved. 

It is, of course, generally agreed that the "nutritive ratio” 
ivill vary with the individual’s capacity to produce, this merely 
meaning that for a large production more proteins must be con- 
sumed than for a moderate or low production. In all the work 
that has been done on the protein requirements for milk produc- 
tion, no attention, as far as we are aware, has been given to the 
quality of the proteins used. Total digestible protein has been 
the guide. 

With the development of protein chemistrj’’ by Kossel, Fischer, 
Abderhalden, and others came the present well known view of the 

‘ Published by permission of the Director of the .Agricultural Experi- 
ment Station. 

' F. W. Woll and G. C. Humphrey: Wisconsin Agricultural Experiment 
Station Research Btillcti7is, Xo. 13, ISIO. 
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amino-acid structure of these substances and their qualitative 
and quantitative dilferences in amino-acid content. Further 
developments in the nutritive relations of the proteins have shown 
that they differ in their value for maintenance and growth. The 
investigations of Osborne and MendeP with purified proteins 
have added much to our Imowledge of this phase of the subject, 
and the work in this laboratory of McCollum'^ on the naturally 
occurring proteins has emphasized the large quantitative difference 
in their efficiency for growth with swine. It was shown in this 
work that the proteins from milk when fed alone showed a reten- 
tion of approximately 65 per cent of the nitrogen, while the nitrogen 
in the proteins from the cereal grains was retained to the extent 
of about 25 per cent. Supplementing the corn grain proteins 
with the proteins from the flaxseed (oil meal) greatly improved 
their efficiency. When the proteins of the ration consisted of 
75 per cent from the corn kernel and 25 per cent from oil meal, 
the efficiency of the nitrogen for storage was increased to 40 
per cent (unpublished data). In other experiments from this 
laboratory,® with calves, it has also been shown that the nitro- 
gen of corn and alfalfa when used alone has an efficiency of about 
25 per cent, while skim milk proteins show a retention of about 
65 per cent of their nitrogen. 

This work puts a new interpretation on the "nutritive ratio” 
of the animal feeder and the necessity for the accumulation of 
such data with our natural products. These data must not only 
be accumulated for growth, but the time has come for exact 
studies of the efficiency of the naturally occurring proteins from 
vai’ious sources for milk production. Whether the data accumu- 
lating on the efficiency of proteins for growth will agree or bo in 
the same order as those secured for milk production is problematic. 
Special synthetic functions on the part of the mammary gland 
may come into such prominence as to make it less necessary that 
all building units for milk protein formation be supplied in the 


’ T. B. Osborne and L. B. Mendel: this Journal, xvii, p. 325, 1014; .wiii, 
p. 1, 1914; XX, p. 351, 1915. 

E. V. McCollum: t'did., xix, p. 323, 1914. 

5E. B. Hart, G. C. Humphrey, and F. B. Morrison: ibid., xiii, p. 133, 
1912-13. H. Steenbock, V. E. Nelson, and E. B. Hart: ibid., -xix, p. 399, 
1914. 
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ration. The mammary gland has specific synthetic functions 
now well recognized. The occurrence of lactose, special pro- 
teins such as casein and lactalbumin, and the lower fatty acids 
in milk are evidences of special constructive functions on the 
part of this gland, but in any case this maj’’ imply only an ability 
to construct from simple rmits already supplied in the blood 
stream rather than the construction of the unit itself. Osborne 
and MendeP have, however, published one very interesting 
experiment where gliadin was the only protein in the diet of a 
pregnant and afterwards nursing rat. As is weU known, this 
protein is practically free from the diamino-acid lysin, and upon 
this fact its inabilit}’- to support growth probably rests. Yet in 
this record of a single rat, young were developed, milk was pro- 
duced, and the young were apparently nourished adequately 
for thirty daj's. This must have called for special S3mthetic 
action on the part of the mammarj’^ gland unless the necessary 
complexes were drawn from the mother’s tissues, which hardly 
seems possible considering the time that the young were suckled 
and the growth made by them. Not only was there evidence 
here of the synthesis of an amino-acid by the mammary gland, 
but also of purines and pj^rimidines, constructed somewhere in 
the mother for the developing young. 

While the above observation gives us some e^^dence of a cer- 
tain degree of special synthetic action on the part of the mam- 
mary gland, there is no experimental evidence from any source 
of the e.xtent of this special synthetic power for other amino-acids. 

EXPERIMENTAL PART. 

In the experiments to be described natural food products were 
used. While evidence collected in this manner would not give 
specific information as to just what chemical groups could or 
could not be synthesized by the mammary gland, it would, how- 
ever, give evidence of whether there were differences in the 
efficiency of proteins from different sources for milk production. 
Not only would such information be of theoretical interest, but, 
in addition, of very great practical value. The purchase of pro- 
tein concentrates bj"^ the American farmer is a large one, and 

'Osborne and Mendel: ibid., xii, p. 473, 1912. 
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information on the efficiency of proteins for milk production would 
be of special interest to him. 

In our earlier work^ it had been shown that there ^\’as practi- 
cally no difference in the efficiency of the nitrogen of the corn 
grain and alfalfa hay for milk protein building. This work was 
particularly of interest for the information it gave concerning the 
value of the so called “amide” nitrogen of alfalfa hay. In the 
work to be reported here only the corn and wheat proteins have 
been compared with milk proteins. Preliminary to more extended 
investigations, it was believed desirable to work with these natural 
materials in order to learn whether there would be any differ- 
ence in the efficiency for milk building of the proteins now known 
to differ very greatly in their efficiency for growth. If a difference 
did occur then the investigation of other materials would be 
warranted. This research indicates that there is a considerable 
difference in the efficiency for milk production of the proteins 
from the sources studied, and consequently othernatural materials, 
especially the common concentrates, will be investigated as rap- 
idly as opportunity affords. 

Cows were used for the work. This necessitated the use of a 
roughage with a low content of digestible protein. The amount 
of roughage was kept constant and probably did not furnish more 
than 15 per cent of the nitrogen absorbed from the tract. 

It was planned to use a rather wide nutritive ratio — about 1:8 — 
as this would bring out more definitely any essential differences 
in the efficiency of the proteins as reflected in the amount of prod- 
uct produced. The selection of a 1:8 nutritive ratio made 
the digestible proteins about 7 per cent of the ration, and the 
total protein varied from 9 to 10 per cent. 

Quantitative nitrogen balances were kept, as well as determina- 
tions of fat, solids, and the total proteins in the milk. Daily 
nitrogen determinations were made on the feces and urine, but 
a weeldy analysis on a seven day composite of milk. Changes 
from one ration to another were made abruptly, but without 
any serious disturbances. Occasionally a sudden change caused 
a refusal of part of the ration for a day, but never longer than that. 

Three animals were involved in these studies, two of which 
were pure bred Ayrshires of but moderate productive capacity, 

’’ E. B. Hart and G. C. Humphrey: ihid., xix, p. 127, 1914. 



E. B. Hart and G. C. Humphrey 


243 


and the third a grade Holstein of large milk flow. In fact, for 
marked results in studies of this character animals of high pro- 
duction should be chosen. Preliminary feeding periods of ten 
days preceded the collection of the records. Animal Ho. 3 
(Holstein) belonged to another group of experimental animals 
and had already been on the com ration four weeks before the 
quantitative record was obtained. Consequently we have every 
confidence in the results of this record, although it was short. 

No. 1 was with calf, but in the first three months of pregnancy. 
Nos. 2 and 3 were not with calf. It should be remembered that 
the daily storage of nitrogen by the fetus is small. A 75 pound 
calf containing when bom 10 to 12 per cent of protein, would 
require the storage of but two grams of nitrogen per day, if the 
rate of storage was uniform for the entire period of gestation. 


TABLE I. 

Composition of rations. 


1 

1 

i 

TTEICHT I SITBOCEK 

1 

TOTAL a j 
1 

DIGESTIBLE 
K CAL. 

PRODCC- 

TTOSf 

THEElktS 

KTIBI- 

rrrz 

EATIO 

lbs. j per cent 

cm. j 




Com meal , 

Gluten feed 

Starch (com) 

Cora stover j 

Com ration 

8 1.54 56.2 38.2 

4 4.11 1 74.8 : 63.5 

1 0.04 0.2 1 0.2 

12 , 0.87 1 47.9 j 21.5 

t 7.1 
3.1 
1.0 
3.1 


Total i 25 1 I 179.1 j 123.4 

i I * 1 

14.3 

1:8 

ff^heat ration 

lYheat 

Wheat gluten 

Starch (com) 

Com stover 

5.0 

: 1.2 i 

6.0 
12.0 

1 

2.09 i 
[ 11.40 
! 0.04 

0.87 

47.6 ' 
62.1 
1.3 
47.9 

38.2 

62.1 

1.3 

21.5 

4.1 ! 

1.2 
6.0 
3.1 


Total j 

24.2 

158.9 

123.1 

14.4 

1 

1:8 

Milh protein ration 

Skim milk powder. .j 

Casein 

Starch (com) 

Com stover 

Total 

3.0 
0.4 

8.0 
12.0 

6.00 81.5 
13.38 24.3 
0.04 1.8 
0.87 47.9 

81.5 
24.3 ! 

1.8 

21.5 j 

3.0 
0.4 

8.0 
3.1 


j 23.4 

! 

155.5 

129.1 

i 

14.5 

1:8 
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The composition of the rations used is given in Table 1. The 
quantity of each ration consumed by the individual was kept 
constant during the several periods of observation involving the 
different rations. This was important, as it would allow the 
consumption of a constant quantity of roughage, the bulk of 
which determines so largely the quantity of nitrogen lost in the 
feces of an animal. 

In Tables 11, III, and IV are recorded the nitrogen balances 
and nitrogen elaborated in the milk by weekly periods. The 
figures represent the intake and outgo for the total seven days. 

TABLE II. 

Record of niirogen balance, milk nitrogen, etc. 


Animal 1 (Ayrshire) 


DATE 

1 

N 

intake 

N 1 

I'ECES 

N ; 

ABSORDEC 

i 

N ; 

URINE 

N 1 

MILK 1 

N 

BALAKCK 

1 m- 

gm. 1 

Qyn. 1 

gm. 

gm. 

cm. 



Milk ration 




Dec. 22-28 

997 

445 

552 

262 

283 

+ 7 

Dec. 29-Jan. 4.. . 

1071 

490 

581 

246 

289 

+ 46 

Jan. 5-11 

1071 

426 

645 

202 

274 

-kl69 


Wheat ration 


Jan. 12-18 

1057 

380 

677 

322 

287 

Jan. 19-25 

982 

431 

551 

320 

261 

Jan. 26-Feb. 1.. . 

1057 

488 

569 

279 

294 

Feb. 2-8 

1057 

502 

555 

274 

291 


Milk ration 


Feb. 9-15 

Feb. 16-22 

Feb. 23-Mar. 1 . . 
Mar. 2-8 


1019 

506 

513 i 

263 

256 

1071 

534 

537 

227 

217 

1071 

566 

505 

181 

251 

1071 

571 

500 

236 

252 


- C 
+ 93 
+ 73 
+ 12 


Corn ration 



mtm 

537 

611 1 

292 

267 1 

-b 51 

Mar 16-22 ' 

■IS 

574 1 

574 1 

411 

227 i 

- 51 

Mar. 23-31 

■1 

587 1 

1 

561 

395 

211 

- 46 
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TABIiE III. 


Record of nitrogen balance, milk nitrogen, etc. 


Animal 2 (Ayrshire) 


DATE 

N 

IKTAKE 

K 

1 FECES 

, ABSORBED 

URIHE 

K 

inLK 

K 

BAEANCE 

pm. 

1 am. 

I om. 

[ ff”*- 

pm. 

pm. 

Wheat ration 

Dec. 22-28 

1092 

494 

598 

414 

276 

- 92 

Dec. 29-Jan. 4... 

953 

404 

549 

464 

227 

-142 

Milk ration 

Jan. 5-11 

968 

350 

618 

286 

220 

-1-112 

Jan. 12-18 

1071 

459 

612 

250 

260 

-V-102 

Jan. 19-25 

1071 

412 

659 

269 

242 

-1-148 

Jan. 26-Feb. 1.. . 

1071 

467 

604 

263 

242 

-f 99 


Corn ration 


Feb. 2-8 

1148 

504 

644 

303 

295 

Feb. 9-15 

1148 

531 

617 

377 

314 

Feb. 16-22 

1148 

587 

561 

367 

283 

Feb. 23- Mar. 1. . 

1148 

579 

669 

343 

282 


Milk ration 


Mar. 2-8 

1020 

470 

550 

292 

297 

- 39 

Mar. 9-15 

1071 

518 

553 

231 

266 

-1- 54 

Mar. 16-22 

1071 

496 

575 

198 

249 

-1-128 

Mar. 23-31 

1071 

448 

623 

184 

256 

4-183 


TABtE IV. 

Record of nitrogen balance, milk nitrogen, etc. 


Animal S (Holstein) 


DATE 

1 ^ 

[ INTAKE 

K 

FECES 

N 

ABSORBED 

N 

URINE 

1 

N 

MILK 

N 

BALANCE 

i P^R- 


pm. 

pm. 

pm. 

pm. 

Corn ration 

Jan. 26-Feb. 1... 

1099 

521 

578 1 

336 

1 424 

i -182 

1 

Milk ration 

Feb. 2-8 

972 

513 

459 


1 433 

-178 

Feb, 9-15 

mm 

535 

487 

184 

' 369 

- 66 

Feb. 16-22 


467 

555 

197 

1 354 

+ 4 

Feb. 23-Mar. 1. . 

H 

489 

533 

199 

i 342 

1 

- 8 
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In addition to the tables, charts are added showing the positive 
and negative nitrogen balances on these rations and the grams 
of nitrogen produced in the milk. 

These data indicate very clearly a marked difference in the 
efficiency of the proteins used for continued milk production. 

A negative nitrogen balance always followed the use of the 
corn or wheat proteins in the concentration used, while a positive 
balance followed the use of the milk proteins. With Animal 
3, where milk production was much larger than with either Ani- 
mal 1 or 2, we did not expect to find a positive balance with the 
milk proteins. Nevertheless this animal on a 1:8 nutritive ratio 
with milk proteins approached the level of body maintenance 
with a high milk flow and milk protein production. 

The really astonishing thing in the data is the influence of the 
forces of milk secretion in maintaining a yield of milk at the 
expense of tissue protein. Instead of finding a marked drop in 
the production of milk either in volume or concentration when 
these animals were on the corn or wheat ration, we found that 
they not only maintained the flow, but the amount of total solids, 
fat, and milk protein was also maintained. This was done, of 
course, at the expense of catabolized tissues. There was even 
some indication of a slight increase in the millc proteins elaborated 
during periods of negative nitrogen balance. This can be seen 
particularly in the curves for Animal 2. With this animal, dur- 
ing both wheat and corn protein periods with their negative 
nitrogen balances, the curve of milk protein building reached 
its highest level. Analogies to this condition are not wanting. 
It is now well known from the work of Eckles® that a cow freshen- 
ing in a fat condition and then fed a sub-maintenance ration will 
tend to have a higher per cent of fat in the milk than under 
normal conditions of nutrition. Possibly in our own experi- 
ments the rapid tissue autolysis plus the food proteins slightly 
raised the mass of nitrogenous fragments in the blood, thereby 
creating suitable conditions for a somewhat larger protein elabora- 
tion by the mammary gland. 

That negative nitrogen balances and sustained milk produc- 
tion could not be long continued is, of course, certain. Yel 

8 C. H. Eckles: ilffssowr? Agricultural Experiment Station Bulletins, No. 
100 , 1912 . 
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Chart 1. Animal 1. Showing the nitrogen balances with the dif- 
ferent sources of protein and the milk nitrogen production. 



Chart 2. Animal 2. Showing the nitrogen balances with the dif- 
ferent sources of protein and the milk nitrogen production. 
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for five weeks Animal 3 had continued to produce a dailj- 
flow of 35 pounds of milk with an average content of 10.5 per 
cent of solids and 2.7 per cent of total proteins on a nutritive 
ratio of 1:8 of corn proteins. She was probably in negative 
balance all this time, as evidenced by the record for a single week 



Chaht 3. Animal 3. Showing the nitrogen balances with the dif- 
ferent courses of protein and the milk nitrogen production. Note the 
high production of milk protein and the approach to a nitrogen balance 
with the milk proteins. 

when the n trogen loss was 182 grams, or 2 5 pounds of protein. 
Casual observation showed that this animal was becoming emaci- 
ated by this constant withdrawal of protein material “Milking 
flesh off the back’' was in fact a real ty. On the same nutritive 
ratio, but from milk proteins, this an mal went on to a level of 
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nitrogen maintenance and continued high, production What 
plane of intake of com proteins would have been necessarj’- for 
maintenance and continued high milk production remains to 
be determined, but it is apparent that such a method of investi- 
gation is the only one that will fix accurately the level of pro- 
tein needed for milk production. 

Records should preferablj’’ be made with high producing ani- 
mals receiv ng a nude nutritive ratio. An'mals in nitrogen equi- 
librium or showing positive nitrogen balances will not give the 
information desired. This is due to the fact that such records 
vdll not disclose the minimum amount of protein required for 
maintenance. Only when we begin to get a continued negative 
balance will we obtain information on the amount of protein 
needed for both maintenance and milk production. Starting 
from this negative balance and raising the protein intake to one 
giving nitrogen equilibrium should be the method of investigation 
of the problem of the protein requirement for milk production. 

Attention should be called to the marked drop in urinary 
nitrogen in passing from either a wheat or com protein ration 
to a milk protein ration. In some cases the decrease amounted 
to 40 per cent, indicating verj' much less waste and a more effi- 
cient utilization of the milk proteins. This is not to be attributed 
to the higher total nitrogen intake usually allowed on the com 
or wheat protein ration. This higher intake was necessary in 
order that appro.ximately equal quantities of digestible nitrogen 
should be available. For example. Animal 1 during the second 
milk protein period absorbed weekly, as an average for the period, 
516 grams of nitrogen vdth a urinary elimination of 226 grams, 
while in the succeeding com ration period she absorbed 582 grams, 
but eliminated in the urine 366 grams and also went into a negative 
balance. More striking perhaps and further illustrating the 
lower efficiency of the com or wheat proteins is the case of Animal 
2. On the milk protein ration (Januar 3 '’ 5th to Febraarj^ 1st) 
this animal absorbed weekly 623 grams of nitrogen and eliminated 
in the urine 267 grams, but was in a positive balance of 115 grams. 
On the com ration (Febmary 2d to March 1st) she absorbed 
weekly 588 grams, excreted in the urine 347 grams, and went 
into a negative balance of 45 grams. 

With Animals 1 and 2 — both moderate producers — nitrogen 
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balances always became- negative on the corn and wheat pro- 
teins, but positive on the milk proteins. The storage of 
nitrogen occurring after a wheat or corn protein period could not 
have been indefinitely continued since these were mature animals, 
and it is known with certainty that no large storage of nitrogen 
under such conditions could take place. It probably does repre- 
sent, however, the restoration of what was lost during the period 
of wheat or corn protein feeding and should be taken into account 
in measuring the comparative efficiency of the three sources of 
proteins. There was sometimes a lag in the appearance of a 
negative balance, as the animals were taken from the milk pro- 
tein to the wheat or corn protein ration, which is probably to be 
explained on the basis of a moderate storage of nitrogen during 
the feeding of the highly efficient proteins, especially if this 
followed a period of intake of low efficiency proteins. There was 
also occasionally a lag in the appearance of positive balances, 
but these are to be attributed to the lower nitrogen intake fol- 
lowing the change from a corn or wheat protein ration to the 
milk protein ration. The lower nitrogen intake was due to the 
failure of the animal to consume the full ration immediately after 
this change. 


Efficiency of the proteins compared. 

The fact that, over limited periods of time at least, no reduction 
in milk flow or milk protein elaboration may occur, although the 
animal is in negative nitrogen balance, makes it necessary to include 
the body protein formed or destroyed, in addition to the milk 
protein synthesized, in any calculation of the efficiency of pro- 
teins for milk production. In addition it appears probable that 
a percentage of efficiency can more correctly be based on the 
absorbed nitrogen than on the total nitrogen ingested. It is 
this method of calculation that will be presented, realizing that 
the results are more approximations than absolute accuracies, 
but that they do represent a degree of difference more easily 
appreciated when expressed in terms of percentage. The data 
are summarized for the total period of each ration and are re- 
corded in Table 
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TABLE V. 

Copiparaiive efficiency for milk production of the proteins from corn, 
wheat, and milk. 


Animal 1 



( 



f 

i N IS mile 4* 


DATE 

1 

RATIOS' 

abso'med 

tissue formed 

OB DESTROTED 

i 

EITICIEKCT 


1 


ffm. 

fm , 1 

per cent 

Dec. 22-Jan. 

11 1 

Milk 

1778 

! 1068 

60.0 

Jan. 12-Feb. 

8 1 

Wheat 

2352 

1157 

49.1 

Feb. 9-Mar. 

8 1 

Milk 

2055 

1 1148 

55.8 

Mar. 9-31... 

[ 

1 

Com 

1746 

656 

37.5 


Animal S 


Dec. 22-Jan. 4 j 

Jan. 5-Feb. 1 ( 

Feb. 2-Mar. 1 i 

Mar. 2-31 j 

Wheat 

Milk 

Com 

Milk 


269 

1425 
' 997 

i ^ 

23.4 

57.1 

41.5 

60.5 

Animal S 

Jan. 26-Feb. 1 

! 1 

Corn 

1 

1 578 

1 242 

41.8 

Feb. 2-Mar. 1 

1 

' Milk 

1 2034 

1260 

61.9 


The average percentage of efficiency v-ith the three animals 
for the milk proteins was 59; com 40; and wheat 36. Chart 4 
graphically illustrates these differences. 

Manifestly the average for the wheat proteins is probably 
somewhat too low, due to the very low efficiency of Animal 2 
on this ration. More data are necessarj’- to fix absolutelj' a 
safe figure for the wheat proteins. The averages for milk and 
com are probably nearer the truth. 

It should be observed that the average efficiency of milk pro- 
teins in milk production is not essentially different from their 
efficiency in growth as observed in this laboratory for swine and 
calves. It does appear, however, that there is a greater efficiency 
of the com and wheat proteins for milk protein production than 
for growth. FOr growth in swine and calves the com proteins 
showed a utilization of about 25 per cent, while the wheat pro- 
teins showed a utilization of 20 per cent. These differences in 
efficiency between growth and milk production may be due to 
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a certain specialized synthetic activity on the part of the mam- 
mary gland not possessed by the tissue cells. On the other 
hand, it is possible that the proteins of the roughage used, although 
small in amount, so supplemented the corn or wheat proteins as 
to raise slightly their efficiency. In addition, their higher utiliza- 
tion may be related to the amino-acid fragments liberated by 
catabolizing tissue. It is probably accurate to expect that the 
extra tissue catabolized during the periods of negative nitrogen bal- 
ance would so supplement the ingested protein fragments from the 
corn or wheat as to make the latter appear, by the metiiod of 



Chart 4. This shows the efficiency for milk production of the pro- 
teins studied when fed alone. 


calculation, more efficient than they really are. This undoubtedly 
introduces a complexity and error in the figures deduced for effi- 
ciency'’, the magnitude of which cannot be estimated from the 
data. Further, in periods of positive nitrogen balance on the 
milk proteins, eomplexities are introduced. Not only was the 
mammary gland functioning, but in addition tissue building 
was taking place. It should not be assumed without proof that 
the two processes utilized building units with equal effect; conse- 
quently here again a slight error might be introduced in the 
calculations of the percentages of efficiency. 
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In any case, however, it is apparent that the sjmthetic powers 
of the mammary gland are not so pronoimced as to make its effi- 
ciency independent of the natxire of the proteins ingested with 
the feed. 


SUMMARY. 

Data are presented on the comparative efficiency for milk 
production of the proteins of milk,, com, and wheat grain. 

On a nutritive ratio of 1:8, equivalent to about 7 per cent of 
digestible protein and 9 to 10 per cent of total protein, positive 
nitrogen balances were maintained with milk proteins for the 
production of as high as 35 pounds of milk per day, but negative 
balances resulted when the proteins were derived from the com 
or wheat grain. 

During the negative nitrogen balances increased tissue autolysis 
resulted, and for a brief time at least there was no decrease in 
the miUc protein or milk solids elaborated. 

The results indicate clearly that the quality of the proteins is 
an important factor in maintenance and production and that 
the sjmthetic powers of the mammarj’- gland will not compensate 
for deficiencies in protein stmcture. The fact that negative bal- 
ances were observed on the 1:8 nutritive ratio of com or wheat 
proteins explains the results of experience which has wisel}' dic- 
tated a narrow nutritive ratio for milk production. The narrow 
ratio, of course, may not be so necessarj’^ when we learn with what 
efficiency the commercial protein concentrates may supplement a 
basal group of proteins like those of com, oats, wheat, alfalfa, etc. 

This opens anew the problem of the protein requirements for 
milk production which must be studied from the newer angle 
of protein structure. 

It was found that milk proteins had an efficiency for milk 
production and tissue restoration of about 60 per cent, while the 
com and wheat grain proteins’ showed an efficiency of 40 and 36 
per cent respective!}’. These results were obtained under experi- 
mental conditions requiring a roughage of low nitrogen content. 

Discussion of possible errors in the method of calculating the 
percentages of efficiency is introduced. 




THE ESTIMATION OF PHOSPHORUS IN BIOLOGICAL 
MATERIAL, AND THE STANDARDIZATION 
OF SOLUTIONS OF MOLYBDENUM. 

Bv A. E. TAYLOR and C. W. MILLER. 

{From, the Laboratory of Physiological Chemistry of the University of 
Pennsylvania, Philadelphia.) 

(Received for publication, April 28, 1915.) 

About a year ago we described two methods for the estimation 
of small quantities of phosphorus.^ The first method is a modifica- 
tion of that of Neumann,^ the phosphate being precipitated as 
the yellow phosphomolybdate and estimated by titration, after 
washing by decantation with the aid of the centrifuge. The 
results were stated to be somewhat too high because of the in- 
clusion of molybdic oxide in the precipitate. Recently Eaperi 
has described another modification of the same method, the 
yellow precipitate being dissolved in ammonium hydrate and the 
molybdenum precipitated as the lead salt, which is weighed. 
Raper states that when the yellow precipitate is formed in the 
presence of sulphuric acid oxide of molybdenum is also precip- 
itated, a comphcation avoided by the substitution of nitric for 
sulphuric acid. This might be supposed to account for the 
too high values found by us, and we have therefore tried our 
method using nitric instead of sulphuric acid. Our original re- 
agent consisted of a 10 per cent solution of ammonium molybdate 
in 2.5 per cent sulphuric acid (in our first publication this was 
erroneously given as 25 per cent). In the modification no acid 
was used in the molj’^bdate, the plain water solution being added 
to the solution of phosphate containing 7 per cent of-nitric acid. 
The results show that there actually is slightly less inclusion of 
the oxide of molybdenum with the use of nitric instead of sul- 
phuric acid. More important, however, is the fact indicated 

* A. E. Taylor and C. W. Miller: this Journal, p. 215, 1914. 

-A. Neumann: Zlschr. f. physiol. Chem., xxx^'ii, p. 133, 1902. 

’ H. S. Raper: Biochem. Jour., viii, p. 650, 1914. 

2-55 
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by precipitations under varying conditions, that oxide of molyb- 
denum is included more and more in proportion to the excess 
of the ammonium molybdate present; in other words, the most 
accurate results are obtained with but a slight excess of ammonium 
molybdate present. Under this condition it makes little differ- 
ence whether one operates with sulphuric or nitric acid. If a 
large excess of molybdate is present, the results are in any case 
much too high, though most markedly so with sulphuric acid. 
The following figures represent the results of numerous estima- 
tions with both acids in the presence respectively of slight and 
marked excess of ammonium molybdate. The phosphate solu- 
tions were Sorensen solutions containing either exactly 0.001 
or 0.002 gram P. 


Slight excess of reagent. 


KNOWN 0.001 OU. P 

KNOWN 0.002 au. p 

Nitric noid 

Sulphuric acid 

Nitric acid 

Sulphuric acid 

0.00100 

0.00104 

0.00201 

0.00205 

0.00103 

0.00102 

0.00202 

0.00206 

0.00100 I 

0.00101 

0.00202 

0.00204 

0.00102 

0.00097 (?) 

0.00203 

0.00202 



0.00201 

0.00205 



0.00204 

0.00200 



0.00203 

0.00202 



0.00203 

0.00203 




0.00202 




0.00204 



1 

0.00205 




0.00204 


The results are closer to the known content and somewhat 
less fluctuating with the nitric acid. 


Notable excess of reagent. 


KNOWN 0.001 OH. P 1 

KNOWN 0.002 OM. P 

Nitric acid 

1 

Sulphuric acid 

Nitric acid 

Sulphuric acid 

0.00104 

0.00105 

0.00208 

' 0.00214 

0.00106 

0.00109 

0.00210 

0.00211 

O.OOIOS 

0.00106 i 

0.00209 

0.00213 

0.00106 

0.00109 1 

0.00210 

0.00212 
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Obviously, excess of molybdate leads to marked inclusion of 
oxide of mol 3 ’'bdenum, especially •with sulphuric acid. This 
fact was overlooked by us before, as we had worked largelj-- -with 
standard phosphate solutions with which we had used but a slight 
excess of reagent. With the analysis of urine there was naturally 
no check. 

Not only maj' oxide of molybdenum be precipitated as an inclu- 
sion with the yellow prec’pitate, but it may also sometimes be 
thrown out in our method by the use of too large amounts of 
absolute alcohol in the first two washings, a white film forming 
on the side of the tube near the top of the alcoholic Ia 3 ’-er. This 
white deposit should be removed by means of a rod and pledget 
of cotton after the clear supernatant liquid has been poured off. 
The following procedure gives satisfactor 3 ’- results. 

Material containing about 2 mg. of phosphorus gives a desirable 
amount of precipitate. The ash from this amount of material 
(ashed as previously described by us) is dissolved in a small amount 
of dilute nitric acid and transferred to the 50 cc. centrifuge tube. 
The volume including the water used to rinse the dish in which 
the ashing was done, should not exceed 12 to 15 cc. About 2 grams 
of crystallized ammonium nitrate are then added in substance, 
followed by 10 to 12 drops of strong nitric acid. The mixture 
is then heated in the water bath. When hot, 2 cc. of a 10 per 
cent solution of ammonium molybdate are run in, the pipette 
being held centrall 3 ^ so that the mol 3 'bdate does not fall on the 
walls of the tube. After a few moments the contents of the 
tube are shaken, then allowed to settle. After standing ten 
minutes, absolute alcohol not to exceed 5 cc. is carefully poured 
all around the sides of the tube, and the tube gently agitated by 
swinging so that the floating precipitate is scattered into the 
solution; over the latter is then floated 50 per cent alcohol and the 
alcohol is filled to the top of the tube. After the first centrifuga- 
tion the supernatant liquid is poured off, 5 cc. of water are added, 
then 5 drops of strong nitric acid. The sides of the tube are now 
carefully rubbed clear with a rubber-capped rod, which is washed 
clean into the tube with a little water. The tube is then rotated 
for a few moments, 5 cc. of absolute alcohol are again carefully 
poured down the sides, the tube is gently agitated as before to 
scatter the floating precipitate, 50 per cent alcohol is again floated 
on and filled to the top, and the tube centrifugated. Thereafter 
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the yellow precipitate usually packs in the bottom of the tube 
and shows no further tendency to float on the surface. The 
fluid is poured off, about 10 cc. of 50 per cent alcohol added, 
the packed precipitate shaken loose, and the tube filled up with 
the alcohol. Five or six such washings, after the water wash, 
are usually suflicieut, as the supernatant solution will then be 
found neuhral. 

In the original description we advised evaporation of the dis- 
solved precipitate to dryness before titration. This we have since 
found may lead to aberrant results if the amount of alkali added 
for the solution of the precipitate be excessive. This is due to 
the fact that when oxide of molybdenum is evaporated to dry- 
ness in the presence of an excess of alkali or carbonate, oxide 
stages possessing a different amount of Mo to the molecule may 
be in part produced; as Na 2 Mo 207 instead of Na2Mo04. We now 
add a known volume of decinormal alkali, 25 cc. in the case of 
0.002 of a gram of phosphorus, transfer the solution to a beaker 
with thorough washing of the tube into the beaker, place the latter 
on a water or sand bath until the volume is reduced to about 5 cc., 
when the excess of alkali is titrated. 

The method of Raper in its entirety gives very excellent 
results, and may be advantageously used by anyone w'ho does 
not possess a large centrifuge; although we find his method of 
preparing the yellow precipitate considerably more troublesome 
than our own. O.OOl gram P dissolved in 50 cc. of water. and 
precipitated ac, cording to Raper gave almost correct values — 
0.00100 and 0.00101. Again, 1 cc. of two different urines gave: 

method of BAPEn -ADTHOBS' METHOD 

0.00040 0.00044 

0.00063 0.00065 

There seems to be no doubt that precipitation from dilute 
solution is accompanied with the very minimum of inclusion, a 
trace of which is not to be avoided when using the concentrated 
solutions necessary when the precipitate is to be washed in a 50 
cc. centrifuge tube. If the slightly higher results of the tube 
method of preparing the yellow precipitate are allowed for, it 
will be found less time-consuming, as a large part of the opera- 
tions involved requires little attention. 



A. E. Taylor and C. W. Miller 


259 


When the yellow precipitate has once been prepared and 
washed, the lead precipitation forms a veiy satisfactory means of 
completing the estimation. Thus the foUomng values were 
obtained by dissolving in the tube the yellow precipitate pre- 
pared (according to our method) in 6 cc of dilute ammonium 
hydrate; then transfer to a 250 cc. beaker, wash out the tube into 
the beaker using about 75 cc. of water, add 11 cc. of strong hydro- 
chloric acid, then 10 cc. of a 4 per cent solution of lead acetate, 
and heat the mixture almost to boiling. In another beaker of 
400 cc. capacity heat a mixture of 50 cc. of a solution of ammonium 
chloride (20 per cent) and 50 cc. of a solution of ammonium ace- 
tate (50 per cent). "ftTien both solutions are about boiling pour 
the first into the second, rinse the first beaker thoroughly with 
boiling water, and stir for a minute or so. Filter through a Gooch 
crucible, wash with boiling water until the washings no longer 
give a reaction with HjS or an alkaline sulphide solution, dry, 
ignite, and weigh. 0.001 gram P gave: 

0.00102 

0.00102 

0.00103 

0.00100 

0.00102 

These correspond very well with the best results obtained by 
titration. An excellent feature of the lead precipitation is the 
exceptionally small plus or minus error invoh'ed. This will be 
appreciated when it is remembered that the factor for converting 
the PbMoO^ to P is only 0.007. 

We have not tried Paper’s method with amounts of phosphorus 
as low as 0.0001, but if the data gi\>-en by him are regularly re- 
producible, the method is more accurate than the second or colori- 
metric originally suggested by us. For manj’- purposes, however, 
extraordinai^’’ accuracj’’ is of no special advantage, since other 
errors in the investigation may be many times greater; under such 
conditions the colorimetric method is to be preferred on account 
of its much greater rapidit}'. 

In our colorimetric method is involved the use of a known 
quantity of MoOa- As it is difficult to purchase this sub- 
stance in a pure condition, the amount of M0O3 actuall}'- present 
in the commercial preparation emplo 3 ’ed should be determined. 
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^Many methods of accomplishing this have been proposed, and 
as is usually the case where it has been thought necessa^ to 
invent a large number of analytic methods, most of them are not 
very satisfactory. A summary of our experience with several of 
these might therefore be of interest. 

We first thought that it might be possible to estimate the 
molybdenum by throwing it down as yellow precipitate with an 
excess of Na2HP04, then washing and titrating as proposed by 
us for the estimation for phosphorus. The results were, however, 
worthless because, as mentioned by KraTt,"* the yellow precipitate 
is quantitative only when an excess of the ISra2HP04 is avoided, 
although an excess of molybdate is quite permissible. 

We then tried heating ammonium molybdate in the atmos- 
phere so as to leave M0O3, which was weighed as such. Results 
so obtained are usable, though the method is not satisfactory 
as it requires cautious heating and repeated weighings to arrive 
at approximately constant values. 

If nstead of heating in a crucib’e in the air, the molybdate be 
placed in a combustion boat and heated in a tube with a stream 
of hydrogen the product will be metallic molybdenum, which 
can be weighed as such. This method gave varying results, 
partly owing to a tendency to sublime, and is apparently worthless. 

Estimation of molybdenum as mercurous molybdate® did not 
yield very satisfactory checks. 

The process of reducing the molybdenum by means of zinc 
and sulphuric acid in a Jones’ reductor from M0O3 to M02O3, 
and then reoxidizing the latter by means of permanganate back 
to M0O3, as given by Blair,® gives good results, with, however, an 
occasional wide variation. These latter would seem to be due 
to the uncertain amount of oxidation talcing place, in the receiving 
flask of the reducing apparatus. In the method as described 
by Blair the fact of slight oxidation is taken into consideration’' 
by regarding the reduction product not as M02O3 but as Mo240 37- 
However, the amount of oxidation talcing place does not seem 
to be at all times constant, which is already suggested by the 

*F. Krafft: Anorganische Chemie, 4th edition, Leipsic, 1900, p. 435. 

* F. P. Treadwell: Analytical Chemistry, 3d edition, London, 1914, ii, 
p. 285. 

® A. A. Blair: Analysis of Iron, 7th edition, Philadelphia, 1912, p. 92 

’’ See also Treadwell : loc. cit., p. 639. 
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variations in the color of the liquid. We tried displacing the air 
in the receiving flask with CO 2 during the operation, but without 
"any particular benefit as regards constancy of results. We 
finally tried the plan of placing in the reception flask a readily 
reducible solution which would immediately reoxidize the molyb- 
denum as fast as it came down from the zinc, and yet which itself 
would not be so liable to reoxidation before titration. The fol- 
lowing iron solution was found very satisfactory: 


Iron alum 100 gm. 

Sulphuric acid 25 cc. 

Phosphoric acid 40 cc. 

Water to make 1000 cc. 


Heat and filter off from the white precipitate. 

This solution is nearly the same as that given by Treadwell.® 
We also found it of advantage to use a reductor tube longer and 
not so wide as that of Jones, the inside dimensions of our tube 
being about 16 mm. by 550 mm. With this tube and using in 
the flask 25 cc. of the iron solution diluted with several times 
that volume of water very close titrations with decinormal per- 
manganate were obtained. Thus six consecutive estimations, 
taking 100 mg. of commercial M 0 O 3 , gave: 

cc. 

18.3 

18.35 

18.25 

18..3 

18.35 

18.3 

The objection to the above procedure is that the decinormal 
solution has a large molybdenum value, and the calculated re- 
sults would be better with a weaker permanganate solution. 
For example, the above titrations, which are as close as one could 
expect to get, give the following percentages of M0O3: 

per cent 

86.4 
86.6 
86.2 
86.4 
86.6 
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The calculation in this particular case is the following: Tlic 
titration figure is m.ultiplied by 1.006 to get the true value of 
the permanganate solution used; 0.4 cc., which is the blank given 
bj" the apparatus, is subtracted from the product, and tlic result- 
ing figure is multiplied by 0.0048 to obtain hloOs. 

Of the lead precipitation methods we tried three: TheChatard* 
direct precipitation with lead acetate, giving good checks but 
usually low; the modification of this given by Merck and the 
Brearleyand Ibbotson as described by Paper’ as part of his method 
for phosphorus. The first two, in which the precipitation is 
direct, have the inconvenience that the precipitate comes out as 
a milky colloidal suspension which in our experience it is not easy 
to convert entirely into the granular form by boiling, as prescribed 
in these methods. The method given by Paper, on the other 
hand, produces at once a clean granular precipitate wliich can 
be filtered and washed with ease. The process as used by us was 
as follows: 

To 100 mg. of MoOa add from 70 to 100 cc. of water, warm, and 
agitate until dissolved. To this solution, wJiicJi will be moJ’o or 
less opalescent, add 10 cc. of concentrated hydrocliloric acid, 
whereupon the solution should clear. Then add 10 cc. of a 4 jicr 
cent solution of lead acetate. A precipitation of white lead 
chloride maj'^ occur unless the solution is hot, but this is of no 
consequence, as it will rcdissolvc upon heating. Heat to about 
the boiling point. 

Meanwhile in another beaker heat to boiling a mixture of dO 
cc. of ammonium acetate solution (50 per cent) and 50 cc. of 
ammonium chloride solution (20 per cent). IThcn both solutions 
arc hot pour the first into the second, rinse the first ))cakcr thor- 
oughly with boiling water, and stir for a minute or so. Filter on 
to a Gooch crucible, wash with boiling water until the washings 
give no further reaction with HsS or an alkaline sulphide solution, 
dry, ignite, and weigh. The product is PbMoO^, which multi- 
plied bj^ 0.3922 = Mo0.i. 

Of all these various methods the last is probably the most 
satisfactory, with the titration with iron and permanganate 
the second choice. 

5 T. M. Cliatnrd; C/inn. News, xxiv, p. 17."), 1871. 

“>G. Merck: Clirtnirnl Ucagents, 2d edition, Xew York, lOM, p. I-'). 



BASAL METABOLISM AND BODY SURFACE. 

A CONTRIBUTION TO THE NORMAL DATA. 

By JAMES H. MEANS.* 

(From the Medical Sendee of the Massachusetts General Hospital, Boston.) 

(Received for publitation, April 15, 1915.) 

It is rapidly becoming accepted that the study of the basal 
metabolism in disease is a field certain to jdeld valuable scientific 
and in all probability valuable clinical information. This being 
true, it becomes essential to have a reliable criterion for decid- 
ing whether or not the metabolism of any given indi\ddual may 
be considered normal. A comparison with the body weight is 
practically valueless, as has been well shown by Benedict.- Also 
the surface area as determined by Meeh’s formula gives unsatisfac- 
tory results for people of abnormal states of nutrition (emaciated 
or obese).® The possibility that the ratio of basal metabolism 
to creatinine ehmination might serve as a basis of comparison 
was considered in a paper bj' Palmer, Means, and Gamble.'* 
A certain relationship was found in normal individuals, but since 
the appearance of this paper a far more satisfactory basis of com- 
parison has become available. I refer to the method for deter- 
mining body surface recently published by Du Bois.® The method 
has been fully described and needs no comment here. 

The object of the present communication is merely to add to 
the normal data for basal metabolism per square meter of bodj' 
surface as determined by this method. 

' H. P. Walcott Fellow in Clinical Medicine, Harvard University. 

2 F. G. Benedict: Factors Affecting Basal Metabolism, this Journal, xx, 
p. 263, 1915. 

’ J. H. Means: Studies of the Basal Metabolism in Obesity and Pitui- 
'tary Disease, Jour. Med. Research, xxxii, p. 121, 1915. 

* W. W. Palmer, J. H. Means, and J. L. Gamble: Basal Metabolism 
and Creatinine Elimination, this Journal, xix, p. 239, 1914. 

‘ D. DuBois and E. F. Du Bois: The Measurement of the Surface Area 
of Adults, Proc. Soc. Exper. Biol, and Med., xii, p. 16, 1914. 
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The metabolism determinations with the exception of that 
for Dr. P. D. W. all appeared in the paper on creatinine.® The 


TABLE i; 


Normal men. 


SUBJECT 

weight 

HEIGHT 

surtace area 

IK SQUARE 
METERS 

CALORIES PER 
SQUARE METER 
AND HOUR 

PERCENt^GF. 

VARpTION 

PROM 

aver\gr 




Mcch 

DuBois 

JIcch 

DuBois 

Avo 
■sge 33.2 
Mcch 

B 


kg. 

cm. 






I'cr ffnt 

Dr. W. W. P* 

93.9 

187 

2.541 

2. 118 

29.9 

36.S 

-9.9 

-7.1 

Mr. H. L. H 

02. 0 

172 

1.927 

1.C4S 

34.1 

39.8 

+2.7 

4-0.5 

Dr. \Y. S. \V 

73.8 

177 

2.164 

1.847 

31.9 

37.5 

-S.9 

-5.S 

Dr. L. U . H 

OS. 4 

169 


1.703 

33.9 

40.9 

4-2.1 

4-3.3 

Dr. P. H. P 

77.2 

172 

2.179 

1.806 

31.0 

37.4 

-6.0 

-5.6 

Dr. J. H. M.** 

70.7 

175 

2.103 

1.794 

33.2 

39.4 

0 

-0.5 

Dr. J. L. G 

OS.] 

181 

2.051 

1.710 

34.1 

40.8 

4-2.7 

4-3.0 

Dr. L. H. N.** 

5S.1 

169 

1.845 

1.501 

33.3 

40.9 

4-0.3 

4-3.S 

Dr. P. D. 

02.0 

172 

1.92S 

1.7J6 

37.3 

42.6 

4-12.3 

-b7.fi 




Averages 

33.2 

39.0 

4.5 

4.0 


• For this subject the nverogc of till determinntiors civen in n previous pnper wns 
•• Some new determiuntious tvero obtained for tlieso subjects and nverasod witu ihojc 


previously publisli^. 

*•• New subject. 

TABLE II. 


Normal tvomen. 


I 


SUBJECT 

WEIQUT 

IIEIOllT 


kg. 

cvi. 

Miss M, A. H 

57.9 

157 

Miss R. R 

70.9 

169 

Miss H 

48.1 

155 

Miss D. L 

76.0 

108 

Miss F. M. R 

77.7 

IGG 

Miss L. F. W 

79.8 

170 

Miss R. Rob 

67.6 

170 


SURFACE AREA I 
IN .SQUARE 1 
METERS i 

CALORIES PER j 
1 SQUARE meter! 
1 AND HOUR 1 

PERCENTAOi; 

tauiatiok 

1 FROM 

AVERAGE 

j 

i 

^ Mcch i 


Aver- 

■ Avcr- 

Meeli 

DuBoi.a 

1 


Du Boi*. 

'ngc 2!).B 

BCO 3S 2 

1 

1 

[ Sfccli 

Dw Boi« 




■] 

jifr fm( 

rfr 

1.8411 

[ 1.454 

32.4 

41.0 

4-8.4 

4-7.3 

2.107 

1 1.737i 

32.5 

39.5 i 

4-8.7 

4-3.4 

l.C27i 

1 1.353 

29.4 

35.2 1 

-1.7 

-7.9 

2.205 

1.676 

, 28.2 1 

37.2 

j -5.7 

-2.6 

2.240 

[ 1.737 

1 30.4 

39.3 

1 4-1.7 

4-2.9 

2.2S9 

1.668 

27.1 1 

37.0 j 

-9.4 

-3.1 

2.039 

' 1.558 

\ I 

1 29.6 

38.6 

1 -i.d 

4-1.0 

Averages 

29.9 

38. 2 

1 

« 1 

L ! 

4.0 


« Ba.sal metabolism was calculated by indirect calorimetry from tlic 
oxyRcn absorption and R. Q., these being obtained with Benedict’s Univer- 
sal Respiration Apparatus. The subjects were all in the post-absorptivc 
condition, lying flat and in complete muscular rest. 
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subjects, however, with two exceptions were available; so on learn- 
ing of the Du Bois formula I had them all measured by that 
method. The results were verj' gratifying. 

The results are shown in Tables I and II, the weight and height 
of the subjects and their surface areas by Meeh’s aild Du Bois’ 



Fiq. 1. Relation of metabolism to body surface as determined by 
Meeh’s formula. Normal men are shown by circles containing crosses; 
normal women by plain circles; cases of obesity by circles containing 
O; cases of Graves’ disease by circles containing G; myxedemas by cir- 
cles containing M ; and the case of acromegaly by a circle containing an A. 
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foimulae, together with the metabolism per square meter and 
hour, by both methods for surface area. The results have also 
been plotted in Figures 1 and 2 (total calories per hou r= ordinates; 
surface area in square meters = abscissae). 



Fig. 2. Same ns Fip:urc 1. Body surface by Du Bois’ formuln. 
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DISCUSSION’ OF RESULTS. 

In Figure 1 a diagonal representing a normal average of 31.5 
calories per square meter and hour has been drawn, together with 
a =fc 10 per cent deviation, represented by interrupted lines. This 
figure represents the hleeh bodj' surface estimations. Tlie 
average of 31.5 chosen is the mean of the average for men and the 
average for women in my series. It is somewhat lower than 
the figures 34.7 which Du Bois has obtained as an average for a 
large number of subjects, including his own and many of Bene- 
dict’s.’ It will be seen that out of eighteen normal subjects, two 
lie without and two on the edge of the — 10 per cent (deviation 
from the average) sone. 

Turning to Figure 2, however, which shows the Du Bois findings, 
we see that all of sixteen normal subjects lie within the zone 
and that the general appearance of the plot shows a somewhat 
closer grouping about the average than in Figure 1. The aver- 
age taken for Figure 2 is 38.8 calories per square meter and hour, 
which is the mean of the average for men and the average for 
women in my series with the Du Bois formula. 

A glance at these two figures will show a definite relation- 
ship between basal metabolism and body surface, and that the 
relationship is somewhat more striking when the Du Bois formula 
is used. 

In a personal communication Dr. Du Bois tells me that he has 
obtained the figure 39.9 calories per square meter and hour as 
the normal average (Du Bois’ formula). His basal metabolism 
determinations were made with the large respiration calorimeter, 
mine with the small Benedict Universal Respiration Apparatus; 
yet my average of 38.8 is within 3 per cent of his. I think this 
close agreement is very significant when one considers the entirely 
different tjqies of apparatus used in making- the metabolism 
determinations. 

In my series the average deviation from the mean in the case 
of Meeh’s formula was 4.5 per cent for men, 5.2 per cent for 
w’omen, and in the case of Du Bois 4.0 per cent for both men and 
women. The extreme de-viation was: Meeh, from -f- 12.3 per 
cent to —9.9 per cent for men, and from + 8.7 per cent to —9.4 

’E. F. Du Bois: Personal communication. 
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per cent for women; and with the Du Bois formula from +7.6 
per cent to —7.1 per cent for men, and from +-7.S per cent to 
— 7.9 per cent for women. 

There is thus a smaller average as well as extreme variation 
when the Du Bois formula is used. 

To emphasize the possible clinical importance of such studies 
certain pathological cases have also been plotted in Figures I 
and 2. 

The four cases of obesity and one of acromegaly already r^ 
ported by the writer,® together with three cases of Graves’ disease 
and two of myxedema, will be reported fully in a subsequent 
paper. The three cases of Graves’ disease lie well above the 
10 per cent zone in both figures, the two myxedemas well below. 
The acromegalic is on the lower edge of the zone in the Moch 
diagram, but well below in the Du Bois, and hence is undoubtedly 
pathological. Tn Figure 1 three of the obesities are below and 
one within the zone. In Figure 2 one is within, three on the 
edge of, and one well without the zone. 

CONCLUSIONS. 

The surface area calculated by both Meeh’s and Du Bois’ 
formulae, together with the basal metabolism per square meter 
of body surface, is given for sixteen normal persons. 

The Du Bois formula gives figures for the metabolism which 
deviate less from the average. 

The normal cases by the Du Bois formula all lie within a =*= 10 
per cent (from the average) zone. 

Pathological cases, such as hypo- or hyperthyroidism, lie 
weU without this zone, so that it seems reasonable to conclude 
that the surface area, especially when determined by the Du Bois 
formula, serves as a reasonable basis for detecting fundamental 
changes in metabolism. 

My thanks are due to Miss L. A. Field, who made the measure- 
ments on all the women subjects. The men were measured bj 
the writer. 


‘Means: loc. cit. 



ON THE FORMATION OF FATS FROM PROTEINS IN 
THE EGGS OF FISH AND AMPHIBIANS.' 

bt j. f. McClendon. 

(From the Physiological Laboratory of the University of Minnesota, 
Minneapolis.) 

(Received for publication, April 27, 1915.) 

That fats maj’' be formed from proteins follows from the fact 
that carbohydrates may be formed from proteins and fats may 
be formed from carbohydrates. Metabolism experiments seem 
to show that fats are formed from proteins in the mammalian 
body under certain conditions, but this is not their chief source 
as was claimed by Voit. The fact that a lean meat diet is not 
fattening may be due to the production from the meat of acids 
which increase the hydrogen ion concentration of the blood, 
thus stimulating the respiratory center, increasing the heart 
rate, and causing increased oxidation of the food. 

Beebe and Buxton observed an abundant production of fats from pro- 
teins by the action of Bacillus pyocyaneus. Other lower organisms are 
known to exert the same action, and Pfluger used this fact to explain the 
observation of Hofmann that the fat content of maggots fed on blood 
increased very much, as the blood was not sterile. Alany observations 
on the increase in fat content of mammalian organs during autolysis and 
fatty degeneration may bo vitiated bj' the presence of bacteria or by the 
use of micro-chemical methods for the detection of fat. Fatty acids may 
exist in combinations that are not detected by these methods, and the 
breaking up of these compounds by degeneration or autolysis may free 
them so that they can be detected. 

As early as 1853 Burdach, in his inaugural dissertation at Konigsberg, 
claimed that protein is changed to fat in the development of snail eggs, 
but he based this on small differences in ether extracts, and his work has 
not been confirmed. 


* The trout eggs were given by the State Fish Commission, the Crypto- 
branchus eggs were bought out of the Research Fund of the Graduate 
School, and the larvae of the latter were given by Prof. Bertram G. Smith, 
to all of whom I wish to express my thanks. 
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Tangl and Farkas= observed an increase in the fat content of the dc\cIop- 
ing eggs of European trout. The loss in dry weight during development 
was exceedingly small, and although CO 2 was eliminated, no nitrogen nns 
lost. Ether extracts did not at all agree, either actually or rel.'ifi\ely, 
with the results obtained by the saponification method of Lieberm.'mn 
and Szdkely,’ which is a confirmation of the fact that the estimation of f.nfs 
in tissues by extracting with ether is unreliable. They found no c.arbo- 
hydrate in the egg and concluded that fat is formed from a glycoprotein, 
since Walter^ found a reducing substance in and formed an osazone from 
the hydrolytic cleavage products of the vitellin of carp eggs. On the con- 
trary, Levene' found no reducing substance in the vitellin of cod eggs, 
and Hammarsten** found none in the vitellin of perch eggs. I was unable 
to obtain a Molisch reaction on the entire egg of the brook trout and it 
seems probable that the fat was formed from some other substance fh.an 
a carbohydrate group. 

Gortner^ found an increase in the ether extract of the eggs of Crtjplo- 
branchns allcghcnicnsis during development and concluded that there 
was an increase in fat. There was likewise an increase in the combined 
ether and alcohol extracts, and from my experiments it scem.s evident 
that practically all of his alcohol extract was soluble in ether. 

The giant salamander. 

The egg of the giant salamander, Crypiohranchns allcghcnknm, 
is enclosed in a loose fitting gelatinous membrane of a glyco- 
proteid. The space between the egg and the membrane is filled 
with a watery fluid containing 0.16 per cent of NaCl and other 
dissolved substances. The eggs were released by cutting the 
membrane with scissors. One egg, after partial removal of 
adhering fluid, weighed 0.128 gram. The average dry weight 
of one egg was 0.058 gram, which is the same to the third decimal 
place as found b 3 ^ Goitner. 

Seven hundred eggs were used, for the most part in lots of 100. 
They were collected immediately after being laid in the Alle- 
gheny river and their development stopped bj'' refrigeration 
during transit. A veiy few died and were thrown out and the 
remainder were dried in vacuo. The water vapor was pumperl 

- F. Tangl and K. Farkas: Arch. f. Physiol., civ, p. 024, lOOl. 

^ L. Liebermann and S. Szdkcly.' ibid., Ixxii, p. 300, ISOS. 

■* G. Walter: Ztschr. f. physiol. Chou., xv, p. 477, 1S91. 

‘ P. A. Levenc: ibid., xxxii, p. 2S1, 1001. 

® O. Hammarsten: Skari, Arch./. Physiol., .wii, p. 113, 190,). 

■ R. A. Gortner: Jour. Am. Chem. Soc., xxxvi, pt. ii, p. 15.)0, lOlt. 
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out as fast as possible without causing sputtering, and the ex- 
haustion continued until a vacuum of about 0.01 mm. was ob- 
tained and retained indefinitely. This method prevented any 
oxidation of imsaturated fatty acids. 

The eggs were rapidlj' ground and extracted in a Soxhlet ap- 
paratus, fitted with a Cads U-tube, for one hundred and sixty- 
eight hours continuously with absolute alcohol that had been re- 
distilled over sodium. They were then powdered and extracted 
twenty-four hours in a Soxhlet with ether that had been redis- 
tilled over sodimn, but nothing more could be extracted after the 
alcohol treatment. Some oxidation must have occurred here 
but since the larvae were extracted the same way the results 
are comparative. 

The alcohol extract was dried in vacuo to prevent oxidation, 
weighed and extracted with absolute ether in order to separate 
traces of salts that are extracted by the driest alcohol if the treat- 
ment is so prolonged. 

All determinations were done in triplicate and the agreement 
was so close that only the average results will be given. For ex- 
ample, the ether-soluble substances w’ere 34.8 per cent, 35.8 per 
cent, and 34.6 per cent of the diy weight of- the eggs. 

The non-volatile fatty acids in the extract were determined by 
the method of Kumagawa and Suto® and found to be 50 per cent 
of the weight of the ether-soluble substances. In another lot 
of eggs the lecithin was extracted with alcohol, dissolved in 
ether and precipitated by acetone. There was a considerable; 
amount of it, but it could not be separated quantitatively. The 
low fatty acid content indicates the presence of more complex 
substances than lecithin or an imusually large amount of volatile 
fatty acids. 

Two hundred larvae at the time of hatching were used, and 
treated in the same manner as the eggs. The larva twenty- 
four hours after hatching weighs about 0.21 gram, which is nearly 
double the weight of the egg. This increase is due to the absorp- 
tion of water, since the dry weight of one larva is 0.057 gram, 
or one mg. less than the egg. Although my results agree closely 
with those of Gortner on this point, I think that the loss in weight 


*M. Kumagawa and K. Suto: Biochem. Zischr., viii, p. 212, 1908. 
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during development is perhaps within the limit of error and con- 
sider this agreement more of a demonstration of the great uni- 
formity of the material than an exact measure of the loss in 
weight. 

The ether-soluble substances in the larvae were 37.8 per cent 
of the dry weight, and 50 per cent of the ether-soluble substances 
consisted of non-volatile fatty acids. We thus find an actual 
increase of 2.8 per cent in the ether-soluble substances when 
reckoned in terms of the total dry weight. This is an increase 
of 8 per cent in ether-soluble substances and the same increase 
in fatty acids. 

Gortner extracted for forty-eight hours with ether followed by 
forty-eight hours wdth alcohol. His combined ether and alcohol 
extracts were 30.57 per cent of the eggs and 33.03 per cent of the 
larvae, showng that he had not extracted thoroughly, and yet 
the deficiency w'as uniform since he obtained an increase of 8 
per cent in the "lipoids” during development. 

These eggs consist chiefly of a vitellin, which I partially puri- 
fied. It is soluble in 10 per cent sodium chloride and precipi- 
tated by saturation with ammonium sulphate but not by half 
saturation, or by saturation with magnesium sulphate. It is pre- 
cipitated by xf-ij- hydrochloric acid and dissolves on neutralization. 
I had previously® learned the difficulty of removing by extraction 
the lecithin from vitellin or from eggs containing vitellins, a 
fact Icnown to many investigators, and believe this difficulty is 
the cause of Gortner’s low figures. 

Since the whole egg gave no Molisch reaction, and a single 
hydrolysis gave no reducing substance, I concluded that there 
is no carbohydrate radical in the egg. The gelatinous membrane 
gives a strong Molisch reaction, but it consists largely of water, 
and the glycoproteid seems not to be absorbed at all by the 
embryo. It is therefore probable that the increase in fat is not 
due to the transformation of carbohydrate groups, but of pro- 
teins. The vitellin is the chief reserve material of this egg and 
out of it must be formed the various constituents of cells, some 
of which are fatty in nature. At the time of hatching a largo 
part of the vitellin remains unchanged, and it is probable that 

» J. F. McClendon: /Im. Jour. PhxjsioL, x.w, p. 195 1900-10. 
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the increase in fat content continues until the yolk is all absorbed. 
I attempted to investigate this question, but the difficulty of 
keeping solid matter out of the mouths of the larvae together 
with various accidents has prevented the completion of this work. 

The brook Ironi. 

Eight hundred eggs and 200 young trout, Savelinus fontinalis, 
were obtained from the State Fish Hatcher 3 ’’ in St. Paul. These 
were investigated in the same way as the salamander material, 
except that the egg membranes were not removed. The calculated 
weight of the membranes was added to the weight of the newly 
hatched fish, which had shed their membranes. The time neces- 
sarj’- for complete extraction with absolute alcohol was shortened 
to sixty hours by keeping the condensed alcohol and extraction 
thimble at the boiling point. 

The average weight of the egg is 0.062 gram and after drying, 
0.017 gram. The loss in dry weight during development is about 
2.5 per cent. The following table gives my results as compared 
udth those of Tangl and Farkas, in per cent of the dri"- weight 
of the whole egg or young fish. 



EXTRACT 

j rATTT ACID 


Ecb 

Young fisb 

Diff. 

Ek 

Young fish 

Diff. 

My data 

23 4 

24.7 

1.3 

16.17 

17.16 

0.99 

Tangl 

9 4 

1 

12. 

2 6 

20.5 

•21.8 

1.3 


I found an increase of 5.55 per cent in the ether-soluble sub- 
stances and an increase of 5.57 per cent in the fatty acids during , 
development. Tangl and Farkas observed 27.6 per cent increase 
in the ether extract and about 6.35 per cent increase in the fatty 
acids. Their method of extraction is well known to be inade- 
quate and the fatty acids were titrated and not weighed. From 
the titration figures they calculated the fat by a formula of Lieber- 
mann for neutral mammalian fat, and obtained 21.4 per cent for 
the egg and 22.8 per cent for the young fish. Since mammalian 
fat contains about 95.7 per cent of higher fatty acids I multi- 
plied their results by 0.957 in order to obtain the weight of these 
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acids. If the two species of trout are similar in chemical com- 
position, the high figures may be explained by the hypothesis 
that the average molecular weight of the fatty acids is low. Sucl 
an assumption is not necessary to explain my data, however 
since I found 69 per cent of the ether-soluble substances in th( 
egg to consist of higher fatty acids, and this simulates closely th( 
content of some tissues in ether-soluble substances. Lecithit 
contains about 70 per cent fatty acid, and the extract of norma 
mammalian liver contains 60-70 per cent of higher fatty acids 

The non-saponifiable substances soluble in petroleum ethc 
formed 1.2 per cent of the drj’- weight of the eggs and 1.6 per ccni 
of the young trout, showing an increase of 33 per cent. This 
extract crystallized into a solid mass largel 3 ’- composed of choles- 
terol crystals; but the cholesterol was not determined quantita- 
tively. From my attempts with the trout and salamander 
eggs, I think one should start with at least 25 grams of dry mn- 
terial in determining the cholesterol quantitatively hy the method 
of Kumagawa and Suto. The fatty acids of both species consisted 
chiefly of crystals at 20°; only a small fraction was liquid. 

SUMMARY. 

During the development of the Cryptobranclms egg there is 
an increase in the higher fatty acids of about 8 per cent. During 
the development of the brook trout egg tliis increase is about 
5.6 per cent. 

In these eggs the vitellin is the chief reserve material and 
it seems probable that it is transformed into fatty and other 
substances. 



ON THE OXIDIZING POWER OF OXYHEMOGLOBIN 
AND ERYTHROCYTES, 

By j. f. McClendon. 

(From the Physiological Laboratory of the University of Minnesota, 
Minneapolis.) 

(Received for publication, April 12, 1915.) 

Bach and Chodat* found that some o.xidases are mixtures of 
peroxidases and o.xv'genases (peroxides). Many persons be- 
lieve that all animal oxidations are caused by mixtures of these 
two classes of en2ymes, but this generalization may not j'^et seem 
justified. Warhurg^ found that in ground sea urchin eggs lecithin 
was oxidized in the presence of iron by O2 (no CO2 was produced). 
This oxidation may be performed in vitro on lecithin or linolein, 
and if any peroxides are present they are the o.xidation prod- 
ucts of the substance in question. It is the unsaturated fatty 
acid in these compounds that absorbs the oxj’gen, and Leathes’ 
supposes that fatty acids are desaturated in the liver before 
they are burned in the body. 

The blood pigments seem generally considered to be peroxi- 
dases; since in testing for their presence a peroxide and an oxidiz- 
able substance are added. Tests on blood pigments without the 
peroxide are verj^ seldom tried, but I will show that oxyhemo- 
globin and methemoglobin will oxidize many leucobases with- 
out the addition of any other substance. It might seem more 
logical to consider oxj^hemoglobin and methemoglobin as per- 
o.xides and hematin as a peroxidase; since the last will not act 
except on the addition of a pero.xide. Peroxides, both organic 
and inorganic, are used commerciaIl3’' to accelerate the oxidation 
of linolein b3’' O2. 

* A. Bach and R. Chodat: Ber. d. deutsch. chem. Gesellsch., xxxvi, p. 
600, 1903. 

- O. Warburg and O. Me3’erhof: Arch. f. d. ges. Physiol., cxlviii, p. 295, 
1912. O. Warburg: Ergebn. d. Physiol., xiv, p. 254, 1914. 

’ J. B. Leathes; The Fats, 1st edition, London, 1914, pp. 112 and 113. 

Tio 
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A greater or less degree of specificity is attributed to the oxi- 
dases, and it is even supposed that one oxidase causes only one 
step in the oxidation of a substance; as, for example, xantho- 
oxidase which oxidizes xanthin to uric acid. On this ‘hypothesis 
it seems hardly possible that the smallest microorganism could 
hold one molecule of every oxj^genase and peroxidase together 
with their zymogens and kinases and arrangements to regulate 
their action, necessary to carry on its metabolism. 

Living cells have an oxidizing action in the presence of Oj 
and a reducing action in its absence. It does not seem to have 
been clearly demonstrated xvhether this reducing action is entirely 
due to oxygenases or partly due to split products of the food. 

It has been especially emphasized by Battelli and Stern^ that 
the respiration of the tissues rapidly decreases after the deatli 
of the animal, but continues at a slower rate for a long time. 
This slower respiration is apparently caused by the oxidases 
that may be extracted by water in the ordinary manner. 

■Warburg® showed that the rapid respiration characteristic of 
living cells is inseparable from structure. By grinding them in 
a steel ball mill he could completely destroy the respiration of 
some cells. BatteUi and Stern,® using a Borrel mill (in which 
the cells are squeezed betw'een revolving knives), claim that some 
respiration is left after destruction of cell structure, but they ad- 
mit that the cell loses the power to oxidize citric, malic, and 
fumaric acids to CO2 and H2O on grinding in the Borrel mill for 
one minute. 

Oxyhemoglobin. 

Since the oxidizing power of oxyhemoglobin might be attributed 
to the presence of oxidases as impurities, thoroughly washed 
dog's erjThrocytes wmre laked, the stroma was entirel}' removed, 
and the ox3diemoglobin recrvstallized five times, klethcmo- 
globin from the same source was rcciystallized seven times. 
These two preparations showed about the same oxidizing power 
on the following substances: 

* F. Battelli and L. Stern: Biochem. Ztschr., l.vvii, p. "M3, 1914. 

® Warburg: Arch^f, d. ges. Physiol,, cxlv, p. 277, 1912,* Ztschr, . 

Chem., Ixx, p. 413, 1910-11. 

' Battelli and Stern: loc. oil. 
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a-NaphthoI,aloin,and p-phenylene diamine were oxidized xapid- 

whereas benzidine and guaiac were not. Yemon’s" substrate 
(0.01 molecular a-naphthol and p-phenylene diamine in slightly 
alkaline solution) was o.xidized with great rapidity. Goose 
ox 3 'hemoglobin had the same action. 

Bj' means of a Duboscq colorimeter the o.xidizing powers of solu- 
tions of the pure oxj-hemoglobin and methemoglobin and dog’s 
erythrocytes, all made up to the equivalent of 5 per cent blood, 
and acting on Yemon’s substrate, were compared. It was found 
that the laked corpuscles did not oxidize the substrate faster 
than the purified blood pigments. By means of the following 
order of procedure the errors that would be caused bj* the dif- 
ference in color of the oxyhemoglobin and methemoglobin were 
eliminated. O.xj'hemoglobin was added to the methemoglobin 
solution, and methemoglobin to the oxj’hemoglobin solution or 
blood just before reading. 

The jmung erythroGj-tes of many animals oxidize foodstuffs, 
and blood charcoal oxidizes oxalic acid to COj and H;0.® From 
these two facts it might be deduced that adsorption and hence 
the colloidal state of the hemoglobin in the corpuscle is con- 
cerned in these o.xidations. Many e.xperimentB to detect the 
production of CO: from lactic acid and sugars b}’- means of blood 
charcoal or oxj'hemoglobin proved negative. Incidentally it 
was found that lactic acid will drive CO: out of charcoal, and 
the latter had to be heated to redness and kept in aCOr-free 
atmosphere until used. 


Erylhrocyles. 

It was found that laked eiyi;hroc 3 ’tes oxidize Yemon’s sub- 
strate faster than the same concentration of imlaked eiythro- 
cjdes. The simplest explanation is that the oxyhemoglobin 
in solution acts immediatelj' on the substrate, whereas the blood 
pigment in the corpuscles cannot act until the substrate has 
reached it bj- diffusion. Hence the permeabilit}’’ of the cor- 
puscles might affect the rate of o.xidation by determining the 
rate of diffusion. 

’ H. M. Vemon: Jovr. Physiol., xlii, p. 402, 1911. 

' Warburg: Arch. f. d. ges Physiol., civ, p. 547, 1914. 
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Since laldng has been shown by Stewart® to mean increase in 
permeability, and since it can be produced by electric condenser 
discharges, the attempt was made to produce varying degrees 
of permeability by means of induction shocks of varying inten- 
sity. The method consisted in measuring the electric conduc- 
tivity of goose erythrocytes by the Kohlrausch method, using 
weak and strong induction shocks. The results were as follows: 


IKDUCTrON ELECTRIC\L 

SHOCKS KEcJIST.^NCE 

1 Weak l.OS 

Strong 0.05 

2 Weak 1.50 

Strong 1.3S 

3 Weak 1.15 

Strong 1 .OS 

4 Weak 1.13 

Strong 1 .OS 


The weak shocks were too weak to stimulate the nerves, and 
the strong shoclcs did not heat the erythrocytes measurably. 
The decreased resistance showed an increased permeability of 
the corpuscles, at least to ions, and yet they were not lakecl. 

In order to determine whether induction shocks would increase 
the respiration of goose erythroc 3 ''tes, the}’’ were suspended in 
Locke’s solution (NaCl 8 grams, KCl 0.3 gram, CaCb 0.3 gram, 
NaliCOa 1 gram, HsO to make 1 liter) and placed in two similar 
vials with thermometers ground in for stoppers. Induction 
shocks were passed continuously through one vial by means 
of sealed-in platinum wires. In the experiments at 37°, a long 
capillary opening allowed expansion without error due to diffu- 
sion of oxygen. The erythrocytes were saturated with air at 
the beginning of the experiment, and at the end of the experiment 
■were transferred to a closed flask fitted with a water manometer 
•and shaken with air until equilibrium was again establisbcd. 
The CO 2 was held back by very dilute alkali. In some experi- 
ments the CO 2 produced was measured by dropping in tartaric 
acid without opening the flask (Barcroft),^® and the CO 2 pro- 
■duction was found to run parallel to the O 2 absorption. In other 

^ G. N. Stewart: Jour. Pharru. and Exper. Thcrap., i, p. 49, 1909-10. 

J. Barcroft; Ergcbn. d. Physiol., pp. 771 and 7S5, 190S. 
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experiments the whole operation was done in the manometric 
flask as outlined in the appendix. 


EXPERISIENT 

EXP05CRE 

OnTEREXCE IK PRESSURE 

IK MM. BSO 

! 

TEMPERATURE 

Control 

Stimulated 


1 min. 



•c. 



5 

5 




8 

s 


3 

210 

12 

13 


4 


! 13 

16 


5 


1 50 

50 : 

37 

6 

■■ 

! 50 

1 , 

.44 ! 

1 

37 


The table shows no increased using up of O 2 on electric stimu- 
lation with induction shocks that were found to increase the 
permeability, but since the oxj’-gen and the oxidizable substances 
are already inside of the corpuscles we would hardly expect a 
more rapid oxidation on increasing the permeability. For this 
reason the experiments were repeated with the addition of an 
oxidizable substance O’^enion’s substrate) to Locke’s solution. 
The results are as follows, at 20°: 


EXPEBIMi;;«T 

EXPOSURE 

r.U.L IK PEESSUBE IK MM. H:0 

Control 

Stimulated 


Win. 



1 

240 

8 

8 

1 

240 

8 

8 

2 . , 

75 

6 

4 

2 

75 

6 

4 

3 

60 

0 

5 

3 

60 

5 

5 

4 

60 

6 

6 

4 . 

60 

6 

6 

5 

45 

4 

5 


45 

4 

5 

6 

30 

3 

4 

6 

30 

3 

4 


The experiments were done in duplicate and those that did not 
agree were thrown out. The different experiments cannot be 
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compared quantitativelj’- because of the differences in the con- 
centration of the erythrocyte suspension. It was found that if 
the exposure was long or the temperature was high (37°) there 
was some lalcing and the duplicates did not agree. Also, if the 
concentration of the erythrocytes was high the substrate was 
much reduced in concentration before the end of the e.\periment, 
and the results would be of no value. Hence the manometer 
differences were always small, and despite the most painstaking 
manipulation, cannot be regarded as conclusive. 

Vernon’s substrate, instead of increasing the respiration, • 
seemed to e.xert an anesthetic action, as shown by the following 
experiments. 

heduction in pbebsuiie in mm. mo 
Experiment 1 Experiment 2 


Erythrocytes in Locke’s solution S G 

Erythroc3'tes in substrate 6 4 


Lillie^ claimed that the oxidation of Vernon’s substrate by 
frog’s erythrocytes is increased by induction shocks, and my 
experiments either agree with his or are inconclusive. They 
do show, however, that electric stimulation does not increase the 
respiration of erythrocytes as much as it does that of muscle. 

A'ppendix on technique. 

In comparing readings on the manometer made at different 
times it is necessary to correct for barometric pressure or use 
some control on the changes in pressure. The following plan 
was found to be of service : Two water tanks were heated by mc.ans 
of the electric light circuit passed through the water from zinc 
plates. One tank -was large and well insulated. The tem- 
perature regulator consisted essentially of a long straight bi-metal 
strip of invar and brass welded together (this can be had of makers 
of room thermostats) with platinum contacts that control the 
current of one dry cell. This in turn w'orked a telegraphic relay 
with large carbon contacts for controlling the heating current. 
The other tank was small and poorly insulated. It had a sim- 
ilar relay and heating arrangement, but the regulator was a cop- 
per tube filled with air and immersed in the water. One end was 

”R. S. Lillie: this Journal, xv, p. 237, 1913. 
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closed and the other protruded out of the water and was con- 
nected with a Marey tambour, the lever of which was tipped with 
platinum and dipped in mercur3^ When the air expanded in 
the tube the lever rose out of the mercurj' and the heat was cut 
off. This tank might be called a barostat, since it compensated 
for changes in barometric pressure by changes in temperature. 
The two tanks were brought to the same temperature at the 
beginning of an experiment or first reading of the manometer, 
and all readings were taken in the barostat and the o.xidations 
carried on in the thermostat.. A cold water tap and overflow 
aided in keeping the tanks at low temperature. The ideal ther- 
moregulator would be a tube of invar filled wdth mercurj’-, but 
such tubes are not on the market. 




ON THE COMPOSITION AND PHYSIOLOGICAL ACTIVITY 
OF THE PITUITARY BODY. 

Br FREDERIC FENCER. 

{From the Research Laboratory in Organotherapeutics of Armour 
and Company, Chicago.) 

(Received for publication, April 6, 1915.) 

This investigation was conducted for the purpose of deter- 
mining whether any seasonal variation exists in the pituitary 
body from cattle which furnish the raw material for the various 
pituitary preparations of the Armour Laboratoiy. If a seasonal 
variation exists, we should expect it to be most pronounced be- 
tween glands obtained at the height of the outdoor season and 
those secured at the coldest period of the year. For this reason 
two summer and two winter months were chosen for collection. 
The summer glands were collected once a week during July and 
August, 1914, and the winter glands during Januarj' and Febru- 
aiy, 1915. In order to determine the difference, if any, in 
physiological activity between glands from various species of 
animals, pituitaiy bodies from hogs were also collected during 
the s umm er months. 

A high percentage of the pituitary glands from beef contains 
colloidal material deposited in the space between the anterior 
and posterior lobes. It may be mentioned here that the colloid 
masses were found both in large and small glands indisc rimin ately, 
and that there seemed to be no relation between the size of the 
colloidal material and that of the gland. This colloidal material 
varies considerably in size, color, and consistency. The color 
ranges from an opalescent or milky white to dark amber. Other 
glands contain a considerable amount of liquid colloidal material. 
This varies from a thin, light colored opalescent liquid to a dark, 
heavy, semi-solid or gelatinous substance. It is very evident, 
therefore, that the solid colloidal material consists simply of the 
non-dialyzable substances present in the liquid colloidal secretion. 
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The amount of liquid between the lobes is often considerable 
and it was noticed in several instances that the posterior lobe had 
been reduced materially in thicloiess and the space between this 
and the anterior lobe completely filled with liquid colloidal mate- 
rial. In a few instances this material contained cluster-shaped 
masses of a white substance. Qualitative tests showed consider- 
able CO2, Ca, and P2O5, besides organic matter in these masses. 

The method of collecting the glands was as follows: After the .animals 
were slaughtered, the brain was removed and the pituitary bod}’ dis- 
sected from the sella turcica. The glands were carefully freed from ad- 
herent tissue, cleaned, weighed, and stored at freezing temperature until 
the entire lots had been collected. The posterior lobes were then dis- 
sected from the anterior lobes and the yields of both noted. The number 
of glands containing liquid and solid colloidal material was also recorded. 
The liquid and solid colloidal materials were kept separate and analyzed 
for comparative purposes. Portions of each lot of the fresh posterior 
lobes were reserved for physiological testing on the isol.atcd uterus. The 
remaining glandular tissues were desiccated in vacuo at a low tempera- 
ture, not exceeding 50° C., extracted with petroleum ether in a Soxhlet 
extractor, and powdered to pass a sixty mesh sieve. All the analytical 
work was done on this powdered substance. 

The methods for determining the moisture, ash, and total phosphoric 
acid have been described elsewhere* in connection with investigations on 
the suprarenal gland. 

In the tabulation beJow are given the totaJ number of glands 
employed, the number of glands containing colloidal material, 
the maximum, minimum, and average weight of the fresh glands, 
the yield of posterior lobe from the fresh gland; also the mois- 
ture, petroleum-ether-soluble and yield of desiccated fat-free 
material both oh the anterior and posterior lobes. On the desic- 
cated, fat-free, powdered material, the moisture, ash, and total 
phosphoric acid were determined. 

From the tabulated results it will be seen that the yield of 
posterior lobe from hog glands is about twice as high as that from 
corresponding beef glands. The anterior lobes from both specica 
contain less moisture and petroleum-ether-soluble matter, and, 
therefore, give a larger yield of desiccated, fat-free material than 

* A. Seidell and F. Fenger: Bull. Ilyg. Lab., U. S. P. H. and M.-IL ■S-, 
No. 100, 1914. 
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the posterior lobes. The posterior lobes in general contain a 
little more ash than the anterior lobes. No pronounced seasonal 
variation in the ash or phosphoric acid content could be demon- 
strated in this gland. Hog glands contain more ash and phos- 
phoric acid both in the anterior and posterior lobes than beef 
glands. Approximately 10 per cent of beef glands contains 
masses of colloidal material secreted between the anterior and 
posterior lobes. 

The physiological activity of the posterior lobe was determined 
by the isolated uterus method as outlined by Roth.= Besides 
the summer and winter glands from beef, two other lots were 
tested, one collected during the spring and summer of 191,4, repre- 
senting 15,000 animals from the Middle West, and another from 
southern and western cattle collected during the fall of 1914, 
and representing approximatel 5 '^ 10,000 animals. All the seasons 
of the year are thus represented. The solutions, both frofii 
beef and hogs, were made to represent a 5 per cent solution of 
the fresh posterior lobe. The glands were finely minced, macer- 
ated with slightly acidulated isotonic salt solution, heated to 
boiling, and filtered. The clear liquid was filled into ampoules 
and sterilized. This liquid was used for comparison with the 
standard. 

The standard was prepared by dissolving 0.1 gram of /5-iminazo- 
lylethylamine hydrochloride in 100 cc. of distilled water. This 
liquid was filled into ampoules and sterilized at the same time 
and temperature as all the lots of pituitary liquid. The standard 
as well as the various pituitarj"^ liquids w'ere made in duplicate. 
A 1:20,000,000 dilution of the standard in Locke’s solution was 
maintained throughout the experiments. Various dilutions of 
the pituitary liquids were tried until the exact strength was 
found which matched the contraction produced by the standard. 
The results given here are averages of several determinations 
obtained in each case on three different days. The following 
dilutions of the original 5 per cent solutions of the posterior 
lobes w'ere necessary to produce the same contractions as the 
1:20,000,000 dilution of the standard. 


= G. B. Roth: ibid., No. 100, 1914. 
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Posterior lobes from beef, collected July and Aug., 1914. 1:23,000 
Posterior lobes from beef, collected Jan. and Feb., 1915. 1:22,000 
Posterior lobes from beef, collected spring and summer. 


1914 1:22,000 

Posterior lobes from beef, collected fall, 1914 1 : 23,000 


Posterior lobes from hogs, collected July and Aug., 1914. 1:22,000 

It becomes apparent at once from the above figures that no 
distinct seasonal variation exists in the physiological activity 
of the posterior lobe of the pituitary body from cattle. It is 
also interesting to note that the strength seems to be the same 
both in cattle (herbivora) and hogs (omnivora). 

The figures in the tabulation were obtained on the basis of a 
5 per cent solution. On the basis of the fresh posterior lobe, 
therefore, the average strength of the active principle possessing 
uterine contracting power is 1 :450,000, or approximately 1 : 45, 
when compared with pure crystaUine j3-iminazolyleth3damine 
hydrochloride. Further work on the isolation of this active 
principle is in progress. 

The two composite samples representing both liquid and solid 
colloidal material from beef glands were also tested. The strength 
was as follows on the basis of a 5 per cent solution: 


Colloids from July and Aug. glands 1:600 

Colloids from Jan. and Feb. glands 1:1000 


When compared with the posterior lobe the physiological activ- 
ity of this material is very sh’ght. The material from the Jan- 
uary and February glands shows a higher activity than that from 
the July and August glands. It was noticed that the winter glands 
contained comparatively much more colloidal liquid than the 
summer glands. As the solid colloidal material is insoluble in 
acidulated water, it is safe to assume that the slight uterine 
contracting power of the two composite samples is due to small 
quantities of soluble active principle from the posterior lobe dis- 
solved in the colloidal liquid, and not to the colloidal material 
itself. 

The total amount of colloidal material from the summer and 
winter glands was too small for chemical analysis. In order to 
get some more definite information regarding the composition 
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of these secretory products, a composite sample of solid colloidal 
material representing at least 30,000 cattle was analyzed. The 
moisture on the fresh material was 67.7 per cent. The dried 


substance contained: 

po-Cfnl 

Moisture 5.95 

Ash 3.S5 

Total phosphoric acid (PjOs) 0.5S 

Total nitrogen 13. 9S 

Protein (nitrogen X G.25) S7.‘10 


The ash was of a reddish brown color and contained besides 
phosphorus, considerable quantities of iron and some calcium. 

SUMMARY. 

The posterior lobe of the pituitary body of the hog is twice as 
large in proportion to the weight of the entire gland as that in 
cattle. 

The physiological activity of the posterior lobe, when deter- 
mined according to the isolated uterus method, is practically the 
same for cattle (herbivora) as for hogs (omnivora). 

No distinct seasonal variation in activity and chemical com- 
position of the posterior lobe of the pituitary body exists in cattle. 

Approximately'’ 10 per cent of beef glands contains colloid 
masses secreted between the anterior and posterior lobes. This 
material is insoluble in acidulated water and does not possess any 
pronounced uterine contracting power. 



THE DETERMINATION OF HIPPDRIC AND BENZOIC 
ACIDS IN BLOOD AND TISSUE. 

By F. B. KINGSBURY. 

{From the Department of Physiology of the Medical School of the University 
of Minnesota, Minneapolis.) 

(Received for publication, April 22, 1915.) 

There are at present no methods for the estimation of ben- 
zoic and hippuric acids in blood of sufiBcient refinement to deter- 
mine small amounts of these acids. 

The method of Bunge and Schmiedeberg' and the modification of this 
method used by Koihs,* and the method used by Friedmann and Tachau’ 
can not be used to detect small amounts of these acids since they depend 
upon the isolation of the crystalline substances with the usual losses of 
material remaining in solution in the mother liquors. 

Folin and Flanders* have developed a quantitative method for the 
determination of benzoic acid in tomato ketchup, and the same investi- 
gators* have worked out a satisfactorj' method for the quantitative esti- 
mation of hippuric acid (total benzoic acid) in urine. In a previous com- 
munication by Kingsbury and Bell* it was shown that the first method, 
slightly modified, could be used for the determination of benzoic acid in 
rabbit urine, and that the second method was satisfactory without modi- 
fication for the estimation of hippuric acid (total benzoic acid). 

To apply these two methods to blood seemed an easy task, 
requiring only that the blood proteins be completely removed 
before the analyses were made. This is necessary, for proteins, 
treated according to the Folin-FIanders procedure for hippuric 

’ G. Bunge and O. Schmiedeberg: Arch. f. exper. Path. u. Pharmakol., 
vi, p. 233, 1877. 

- W. Kochs: Arch. f. d. ges. Physiol., xx, p. 64, 1S79. 

’ E. Friedmann and H. Tachau: Biochem. Ztschr., xxxv, p. 88, 1911. 

' 0. Folin andF. F. Flanders: Jour. Am. Chem.Soc., xxxiii, p. 1622, 1911. 

* Folin and Flanders: this Journal, xi, p. 257, 1912. 

* F. B. Kingsbury and E. T. Bell: ibid., xx, p. 73, 1915. 

289 



290 Hippuric and Benzoic Acids 

acid, are hydrolyzed with the formation of benzoic acid. This 
was shown by Kingsbury and BelP to be the case with the pro- 
teins, egg albumin, and casein. 

The precipitation of blood proteins. 

The blood is drawn from the carotid or femoral artery of the 
animal by means of a cannula into a weighed flask containing 
a weighed amount of 25 per cent magnesium sulphate solution, 
the volume of which is about one-quarter that of the blood to be 
di’awn. The collecting Erlenmeyer flask has etched upon it 
100 cc. graduation lines to facilitate the collection of the desired 
amount of blood. Care is taken to mix the blood and magnesium 
sulphate thoroughly to avoid clotting. \Vlien cool, the flask 
\vith the contained blood is weighed. 

A weighed quantity, usually about 60 grams, of the magnesium 
sulphate-blood is centrifuged, the plasma poured into a small 
beaker, and the corpuscles hemolyzed by the addition of about 
250 cc. of water. The plasma, hemolyzed corpuscles, and wash 
water are united, one drop of caprylic alcohol is added to prevent 
frothing, and the solution made up to the desired volume, 300 
or 400 cc. 

A 100 cc. aliquot of the dilute blood, contained in four centri- 
fuge tubes, is treated with 2.00 grams of tannic acid dissolved 
in 10 to 12 cc. of water, and thoroughly mixed. By centrifuging 
for six to eight minutes, a water-clear, colorless filtrate is obtained. 
The precipitates in the four centrifuge tubes are washed four times 
with 300 to 350 cc. of water, using about 20 cc. for each tube each 
time. In order to wash the muddy precipitates thoroughly 
they must be carefully rubbed up with the wash water. Tlie fil- 
trate and washings combined amount to about 400 cc. This 
liquid may now be analyzed for benzoic or hippuric acids. 

The determination of benzoic acid. 

The filtrate and washings of the tannic acid precipitate, amount- 
ing to about 400 cc., are collected in two 500 cc. separatory fun- 
nels, each containing 110 grams of ammonium sulphate. The 


’ Kingsbury and Bell; loc. cil. 
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salt is dissolved by shaking, and the free benzoic acid in each 
separatory funnel determined as follows: 

5 cc. of concentrated hydrochloric acid are added, and the solu- 
tion is extracted ulth neutral, alcohol-free chloroform in one 50, 
one 35, and two 25 cc. portions. Each portion is drawn off into 
a second separatory funnel and the combined extracts are washed 
once with 100 cc. of a saturated sodium chloride solution con- 
taining 0.5 cc. of concentrated hydrochloric acid in 1000 cc. of 
solution . The washed e.xtract of each separatorj^ funnel is titrated 
against tenth normal sodium ethylate nith phenolphthalein as 
indicator, and the titration figures are added. 

The deierminalion of hippiiric acid (total benzoic add). 

A 100 cc. aliquot of the original diluted blood is precipitated 
mth 2.00 grams of tannic acid and washed according to the 
method already described, and the combined filtrate and wash 
water are evaporated to di'j'ness nith 20 cc. of a 5 per cent sodium 
hydrate solution. The residue is treated exactly as in the Folin- 
Flanders procedure for the determination of hippuric acid. 

Alternative method for the removal of blood proteins. 

A second method for removing the proteins from diluted blood 
containing magnesium sulphate is described, as this method 
was used in obtaining some of the data in this paper and in the 
following one. 

A 100 cc. aliquot of the diluted blood is boiled (without the addi- 
tion of acid), and the clear, nearly colorless supernatant liquid 
filtered into an evaporating dish. The coagulum is washed ivith 
about 400 cc. of boiling water in small amounts, and the w'ash 
water evaporated on the steam bath with the original filtrate. 
When reduced to about 30 cc. in volume, the cooled filtrate is 
precipitated with 0.5 gram of tannic acid, and the small amount 
of precipitate resulting, washed with about 200 cc. of water. The 
filtrate, including wash water, is analyzed for benzoic acid or 
hippuric acid, according to the methods already described. 

WTiile not so convenient as the direct tannic acid precipita- 
tion method, the last method described is of more general appli- 
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cation and can be used with muscle and liver, which must be 
coagulated by heat in the process of extraction. 

lannic acid possesses the disadvantage of producing a titra- 
tion blank when treated according to the Folin-Flandcrs pro- 
cedure for hippuric acid. Tannic acid removes all material of 
a protein nature producing such blanles, and the final blank is 
due to the tannic acid alone. The acidified filtrates of heat- 
coagulated blood are very hard to extract with cliloroform, but 
when further precipitated with tannic acid they arc as easily 
extracted as any water solution. 1 rom this it is seen that the 
us(' of tannic acid is necessary in both analytical methods. Tan- 
nic acid has no effect whatever on the titration of free benzoic 
acid, as will be shown. 

1 he Jtrate of 50 cc. of 1 to 4 diluted rabbit blood, precipitated 
by boiling, was furth(r precipitated with 0.20 gram of tannic acid 
and the f.]trate analyzed according to the Folin-Flandcrs method 
for hippuric acid: 

itration 0.10 cc. tenth normal ethylate 

0.20 Kram tannic acid alone, by this method: 

itration 0.10 cc. tenth normal ethylate 

0.50 gram tannic acid alone, by this method: 

itration 0.15 cc. tenth normal ethylate 

Filtrates of such heat-precipitated blood without further pre- 
cipitation with tannic acid yielded titration blanks ranging from 
0.20 to 0.40 cc. of tenth normal ethylate, depending on how^ com- 
pletely the protein was removed b 3 ’’ boiling. 

While 0.20 gram of tannic acid wms found to be enough in most 
cases to precipitate the proteins not removed by heat coagulation, 
it was customary to use 0.5 gram, w'hich w’as sufficient in every 
case tried. In the analyses of liver and muscle recorded in the 
following paper, the filtrate from the heat-coagulated tissue ex- 
tract was precipitated by tannic acid in 0.50 gram portions until 
the precipitation wms showm to be complete. The filtrate and 
wash water of this precipitate w'cre united and made up to the 
desired volume. Aliquot portions w'cre taken for benzoic and hip- 
puric acid determinations. 

CO cc. of 1 to 4 diluted dog blood were precipitated directly with 
1.0 gram of tannic acid, and the filtrate w'as analyzed by the 
Folin-Flandors method for hippuric acid: 
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Titration 0.07 cc. tenth normal ethylate 

In a similar anatysis with the blood of another dog: 

Titration 0.05 cc. tenth normal ethylate 

The same results were obtained wdth rabbit blood similarly 
treated. As is seen, the tannic acid titration blank obtained 
by the direct precipitation method is onlj-- 0.07 to 0.08 cc. of tenth 
normal ethylate for 1.0 gram of tannic acid as compared with 
0.15 cc. for 0.50 gram of the latter when used in the alternative 
method. 

It is evident that the amount of hippuric acid present m normal 
dog blood, if there is any at all, is too small to be detected by this 
procedure. 

The titration blanks obtained by analyzing normal blood (of 
the dog, cat, rabbit, and ox) for free benzoic acid by the methods 
outlined were from 0.02 cc. to 0.05 cc. of tenth normal ethylate. 
These figures are within the limits of experimental error. 

The use of chloroform as the solvent for benzoic acid in the 
presence of hippuric acid has- one disadvantage: it dissolves a 
small amount of hippuric acid, and this is titrated ndth the ben- 
zoic acid, making the figure for the latter too large. This source 
of error is not a serious one. Titration blanks for the presence 
of hippuric acid were determined under exactly the same condi- 
tions as those under which the determinations for benzoic acid 
were made. The results are shown in Table I. 

TABLE I. 


HIPPURIC HIPPUBIC ACID 

ACID EXTRACTEp; 

PBESEKT CC. TENTH NOBSIAL ETHTEATE 

pm. 

0.300 0.25' 

0-200 0.20 

0.20 Average results of several 

0.20 determinations. 

0-010 o.Os 

0-005 0.05 


Raiziss and Dubin® have recently suggested the use of toluene 
for the extraction of benzoic acid from urine. Their finding that 

*G. W. Raiziss and If. Dubin: tins Journal, xx, p, 125, 1915. 
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toluene does not extract a titratable amount of hippuric acid has 
been confirmed. Toluene has been tried as the solvent for ben- 
zoic acid, but it was found that the method of procedure would 
have to be modified in order to use it successfully. Since the 
amounts of hippuric acid extractable with chloroform in the 
benzoic acid procedure had been worked out before the article 
of Raiziss and Dubin appeared, and since the methods, as out- 
lined, were being used to determine hippuric and benzoic acids 
in the dog experiments described in the following paper, it was 
thought advisable to continue the use of chloroform until the appli- 
cability of toluene could be more thoroughlj'- investigated. 

In order to determine the accuracy of these methods, hippuric 
and benzoic acids, separately and together, were added to diluted, 
hemolyzed blood and the latter was anal3’’zed. The results 
are shown in Tables II, III, and IV. It seems probable that the 
small amounts of these acids not recovered are held back bj' the 
protein precipitates. Prolonged washing of these precipitates 
did not, however, increase the 3delds of benzoic and hippuric acids. 


TABLE JI. 

Recovery of benzoic acid added to blood. 


BLOOD 

BENZOIC ACID EQUIVA- 
LENT TO Na 
BENZOATE ADDED 

BENZOIC ACID 
FOUND 

BECOVEBED 


gm. 

pm. 

j)fr crnl 

Rabbit 

1 :10 dilution 

1 

1 



50 cc. 

0.1471 

0.1423 

1 

(t 

0.1471 I 


1 9S 1 

(t 

0.1471 

hbeh 

J 

Dog 

1 ' 

1 1 


1 :3 dilution 

50 cc. 

0.1471 

1 

0.14G3 I 

1 


0.1471 


\ 99 0 

it 

0.1471 1 


J 

Dog 

1 :4 dilution 


1 

i 

1 

50 cc. 

0.1471 


i< 

0.1471 


1 97.2 

tt 

0.1471 i 

0.1440 1 

J 

Rabbit 

1 :4 dilution 



97.2 

,25 CP. 

0.1471 , 

0.1430 
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TABLE m. 


Recovery oj hippuric acid added to blood. 


1 

BLOOP 1 

HIPPCBIC ACXO 
(NEPTRAU2ED WXTB . 

NaOH) APDED 

Hlpptnxic ACID 
BECOVERED 

RECOVERED 


• gm. 

gm. 

per cent 

Rabbit 

1 :5 dilution 

50 cc. 

it 

r 

0.1260 

0.1260 

0.1218 

0.1228 

1 

96.8 

97.6 

Rabbit 

1 ;10 dilution 
50 cc. 

(t 

1 

I 0.1770 ' 

j 0.1770 j 

0.1705 

0.1737 

1 

96.4 

98.8 


TABLE IV. 

Recovery of benzoic and hippuric acids added to blood. 


BENZOIC ACID EQUIVA- 
LENT TO Na BBNZO- 
1 ATE ADDED 

1 1 

O s 1 

u «« 

' 

ft a 
§2 

iSw ! 
ft go ' 

b ft eS 

, 

ft 

gm. 

gm. 

0.1471 

0.1893 

0.1471 

0.1893 

0.1471 

0.1413 


(Rabbit blood diluted 1 to 4.) 
50 CO. 


pm. 

0.2760 

0.2760 

0.2435 


I I A 
^ § 



pm. 

|0. 25911 
0.2585 
■0.2272 


o ft 

ft H 

Z c: 
a » 
ft 


jptfr cent 

97.6 


ft A 
£ « 


\p€r cent 

89.6 


S| 

ft s 

ft ^ 

Sg 

o « 


[per cent 

94.0 

93.7 


SUMilAHY. 

Quantitative methods based on those of Folin and Flanders 
for the determination of hippuric and benzoic acids have been 
applied to blood and tissue anal^is. By means of these methods 
small quantities of these two acids can now be estimated. The 
practical application of these methods is demonstrated in the 
following paper. 




THE SYNTHESIS OF HEPPURIC ACID IN NEPHREC- 
TOMIZED DOGS. 

By F. B. KINGSBURY and E. T. BELL. 

{From the Departments of Physiology and Pathology, University of Minnesota, 

Minneapolis.) 

(Received for publication, April 22, 1915.) 

At the present tinae it is widely believed that in the dog the 
kidneys have the special function of synthesizing hippuric acid. 
This view rests mainly on the classical experiments of Bunge 
and Schmiedeberg, The object of this investigation is to stud3’- 
this problem by means of the more accurate analjriical methods 
which are now available. 

Bunge and Schmiedeberg' first attacked the problem by ligaturing 
all the blood vessels of the liver, and then injecting sodium benzoate and 
glycocoll into the venous circulation. This experiment was tried with 
two dogs which were killed fifty-five and fifty minutes respectively after 
the injection. In the first experiment they found a small amount of hip- 
puric acid in the blood; but in the second experiment they were unable 
to find it with certainty. 

Two of their other experiments have a direct bearing on this investi- 
gation. In these experiments they ligatured the renal vessels of both 
kidneys securely, and then injected sodium benzoate and glycocoll intra- 
venously. The first dog, killed at the end of one and one-fourth hours, 
did not show any hippuric acid in the blood, although benzoic acid was 
present in large amounts. The second dog was killed two and one-half 
hours after the injection. No trace of hippuric acid was found in the 
blood, liver, or muscles; but benzoic acid was present in all three tissues. 

In another dog both ureters were ligatured, and sodium benzoate and 
glycocoll were injected intrai’enously. Blood drawn two and one-half hours 
later contained appreciable amounts of both hippuric and benzoic acids. 

By perfusing kidneys of dogs with defibrinated dog blood, containing 
sodium benzoate and glycocoll, these investigators found that hippuric 
acid was formed. 

On the basis of these experiments Bunge and Schmiedeberg concluded 
that the kidney is the only organ in the dog in which hippuric acid is sjTi- 
thesized. 

' G. Bunge and 0. Schmiedeberg: Arch. f. exper. Path. n. Pha-gmakol., 
Vi, p. 233, 1877. 
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W. Kochs, = and Bashford and Cramer^ repeated Bunge and Schmiede- 
berg’s perfusion experiments and confirmed them. 

The analytical methods employed in our experiments are 
described in detail by Kingsbury* in an article which appears in 
this number of the Journal. 

EXPERIMENTS. 

Dog A, male; weight 15,470 gm. This animal was given water but no 
food during the forty-eight hours preceding the operation. 1 gm. of 
morphine was injected subcutaneously, and one hour later both kidncj\s 
were removed aseptically under ether anesthesia. The wound was closed 
and the animal was left in a warm room without food. The next day i( 
seemed in good condition. Twenty-four hours after the nephrectomy 
the animal was etherized and 365.85 gm. of blood were drawn b}’ cannula 
from the femoral artery into 82.77 gm. of 25 per cent magnesium sulphate 
solution. 

The liver was removed immediately after the animal had been bled 
to death, separated from the gall bladder, and washed in water to remove 
the surplus blood. The surface moisture was then removed by filter paper. 
The weight of the liver was 360.4 gm. A piece of the right psoas muscle 
weighing 38.1 gm. was removed for analysis. 

61.1 gm. of magnesium sulphate blood, corresponding to 49.81 gm. of 
undiluted blood, 50.0 gm. of liver, and 16.5 gm. of muscle were analyzed, 
according to the method referred to above, to determine the blanks in 
the benzoic and hippuric acid (total benzoic acid) methods. The following 
table shows the results. 


TABUS I. 

Dog A. Control animal. 


i 

OnOAN on TISSUE 1 

■ ^ ~ 1 

niprviiw ACID nEvzoic 

AMOUNT or ORGAN (TOTAL BENZOIC JrTiinn 

OR TISSUE ON ACIDJ METHOD. ACID METHOD^ 

WHICH THE blank N BLANK IN CC. nj 

WAS MADE ETIIYLATK 

ETHYLATE 

Rlnnii 

gm. CC. CC* 

15.2 0.05 

7.75 0.05 

12.5 0.05 1 

12.5 0.05 

6.6 0.05 1 

6.6 j 0.02 

Blood 

TiiVAr 

vpr 





5 W. Kochs: Arch. f.d. ges. Physiol., xx, p. 64, 1879. 

» E. Bashford and W. Cramer; Zischr. f. physiol. Chem., xxxv, p. 324, 

1902. 

«F. B. Kingsbury: this Journal, xxi, p. 289, 1915. 
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These blanks were all within the limit of experimental error, 
but it was thought best to consider them in the analyses of the 
blood, liver, and muscle of the nephrectomized animals. 

Dog B, male; weight 12,600 gm. The treatment preliminary to opera- 
tion was the same as in the preceding experiment. Both kidneys were 
removed. Immediately after the nephrectomy the dog was injected sub- 
cutaneously with 60 cc. of a sodium benzoate solution equivalent to 5.031 
gm. of benzoic acid, and 30.9 cc. of a glycocoll solution containing 3.09 
gm. glycocoll, an amount approximately equivalent to the benzoic acid 
used. Twenty-four hours later the animal was etherized and 354.52 gm. 
of blood were drawn from the femoral artery into 55.33 gm. of 25 per cent 
magnesium sulphate solution. 

68.14 gm. of magnesium sulphate blood, corresponding to 55.30 gm. of 
blood, were analyzed for hippuric and benzoic acids, the blanks obtained 
with the control animal, Dog A, being taken into consideration 
The hippuric acid (total benzoic acid) titration was 1.35 cc. sodium 
ethylate for 31.65 gm. of blood. After subtracting the tannic acid 
titration blank® of 0.15 cc. and the blank of 0.05 cc. determined in the 
blood of the control animal, the titration was 1.15 cc., the equivalent of 
0.01404 gm. of benzoic acid. 

The free benzoic acid titration for 20.63 gm. of blood was 0.59 cc. of 
■17 sodium ethylate. After subtracting 0.05 cc. as the equivalent of the 
maximum amount of hippuric acid that could have been extracted ■with 
the benzoic acid, and 0.05 cc., the blank obtained with the control animal, 
the titration figure is 0.49 cc., which is equivalent to 0.00598 gm. of 
free benzoic acid. 

The results expressed in gm. per 100 gm. of blood are: 

Total benzoic acid found 0.0444 gm. as benzoic acid. 

Free benzoic acid found 0.0290 gm. as benzoic acid. 

Hippuric acid by difference 0.0226 gm. as hippuric acid. 

Estimating the total quantity of blood in the animal as approxi- 
mately one-thirteenth of the body weight, we obtain about 0.23 
of a gram of hippuric acid as the quantity present in the entire 
hlood. 

Dog C, female; weight 7050 gm. The preliminary treatment was the 
same as in the preceding experiments. Both kidneys were removed. Im- 
mediately after the operation 30 cc. of sodium benzoate solution equiva- 
lent to 2.516 gm. of benzoic acid and 15.5 cc. of glycocoll solution con- 
taining 1.55 gm. of glycocoll were injected into the femoral vein. Three 
hours later 239.39 gm. of blood were drawn from the femoral arter 3 ’ for 
analj’sis. 


® Kingsbury: loc. cit. 
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Analysis of blood. 

Found in 25.16 gm. of blood 0.01822 gm. of total benzoic acid. 

Pound in 25.16 gm. of blood 0.01322 gm. of free benzoic acid. 

In 100 gm. of blood ; 

Total benzoic acid 0.0725 gm. as benzoic acid. 

Free benzoic acid 0.0525 gm. as benzoic acid. 

Hippuric acid 0.0293 gm. as hippuric acid. 

Estimated for the entire blood the amount .of hippuric acid 
is roughly 0.16 gram. 

As was mentioned above, Bunge and Schmiedoberg, in two ex- 
periments essentially the same as the one just described, were 
unable to find even a trace of hippuric acid in the blood. 

Dog D, female; weight 14,745 gm. The preliminary treatment was 
the same as in the preceding experiments. Both kidnej's were removed, 
and immediately after the operation 120 cc. of a sodium benzoate solu- 
tion equivalent to 10.06 gm. of benzoic acid, and 60 cc. of a glycocoll 
solution equivalent to 6.0 gm. of glycocoll were injected subcutaneously. 
Twenty-four hours after the operation, 300.58 gm. of blood were drawn 
from the femoral artery for analysis. The animal was then bled to death, 
and the liver and a piece of the right pso.as muscle, weighing 37.91 gm., 
were removed for analysis. After removal of the gall bladder the liver 
weighed 384.80 gm. 

Analyses. 

Found in 12.21 grn. of blood 0.01265 gm. of total benzoic acid. 

Found in 12.21 gm. of blood 0.00718 gm. of free benzoic a'cid. 

Found in 24.93 gm. of liver 0.0535 gm. of total benzoic acid. 

Found in 24.93 gm. of liver 0.0251 gm. of free benzoic acid. 

Found in 37.91 gm. of muscle 0.00155 gm. of total benzoic acid. 

Found in 37.91 gm. of muscle 0.00171 gni. of free benzoic acid. 

The results calculated for 100 grams of blood and for tlio 
entire liver are given in Table II. 


Total benzoic acid 
Free benzoic acid. . 
Hippuric acid 


TABLE II. 



100 0\I. BLOOD 

EKTinr. LivEn 
(334.8 OM.) 

pflOAB MUBCLE 

(37.01 OM.) 


ffm» 

ffm. 

gm. 


0.1030 

0.8200 

o.oato 


0.0588 

0.3875 

0.0017 

• • 

0.0058 

0.0-135 

0.0012 
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Estimated for the entire blood the amount of hippuric acid 
is roughly 0.7 gram. The amount of hippuric acid in 1 gram of 
liver is about two and one-half times the amount in 1 gram of 
blood. 

The e.xtract of 249.3 gm. of this dog’s liver was freed from protein b 3 ’ 
boiling and by the subsequent tannic acid precipitation, and then made 
up to 1000 cc. Two 100 oc. portions were used for the total benzoic and 
free benzoic acid determinations. 600 cc. of the remaining SCO cc. of solu- 
tion were acidified and repeated^’ extracted with ether. The combined 
ether extracts were evaporated to dryness and the residue was dissolved 
in water by rendering it alkaline. This solution was again acidified and 
extracted with toluene in four portions, completely removing benzoic acid 
which was identified as such, and leaving hippuric acid in the water laj'er 
from which it was cr 3 ’stallized, boiled with bone-black, recr 3 'stallized, and 
positively identified as hippuric acid. 

In both experiments the subcutaneous areas, where the benzoic 
acid and glycocoll were injected, were found very edematous 
at the autopsy, showing that by no means all of the fluids injected 
had been absorbed. 

The relatively large amount of hippuric acid found in the 
liver of a nephrectomized dog after injections of glycocoll and 
sodium benzoate suggests the hypothesis that the liver of the 
dog, like that of the rabbit (Friedmann and Tachau®) may pos- 
sess this synthetic power, 

SUMMARY AND CONCLUSIONS. 

The foregoing e.xperiments prove that considerable amounts 
of hippuric acid may be S3mthesized in nephrectomized dogs. 
It therefore follows that the kidney is not the only organ in the 
dog which may effect this synthesis. 

We are indebted to Mr. R. A. Johnson, of the Department of 
Pathology, for assistance in the surgical operations. 

* E. Friedmann and H. Tachau: Biochem. Ztschr., xxxv, p. 88, 1911. 




STUDIES ON THE REDUCTASE OF LIVER AND ETDNEy. 

III. THE INFLUENCE OF HEAT, LIGHT, AND RADIUM RADIA- 
TIONS ON THE ACTIVITY OF REDUCTASE,' 

Br DAVID FRASER HARRIS, and 
HENRY JERMAIN MAUDE CREIGHTON. 

{From the Laboratories of Physiology of Dalhousie University, Halifax, 
N. S., and the Laboratories of Chemistry of Swarth- 
more College, Swarthmore.) 

(Received for publication, April 3, 1915.) 

I. INTRODUCTION. 

The influence of different kinds of radiant energy on enzymes 
has been largely investigated during the past few years. It is 
well known that enzymes are highly susceptible to the action of 
heat, and that when enzymes in aqueous solution are heated above 
certain temperatures a partial permanent inhibition of their 
activity occurs. The extent of this inhibition of the enzyme 
increases as the temperature is raised, and, finally, if the tempera- 
ture to which the enzjme is submitted is high enough, permanent 
inhibition is complete, — the activity of the enzyme is completely 
destroyed. The lowest temperature at which complete per- 
manent inhibition or destruction occurs is different for differ- 
ent enzymes. This total destruction is supposed to be due to 
a suspension of the active surface force of the enzyme by coagula- 
tion. As up to the present no case is known of the regeneration 
of the activity of an enzyme that has been completely destroyed 
by heat, such destruction may, therefore, be regarded as irrevers- 
ible inactivation. Other types of radiations exhibit different 
actions towards different enzymes. The action of light rays 
varies not only with the enzyme, but also with the part of the 

' The expenses of this research were met by a grant to one of us (D.F.H.) 
from the Government Grants Committee of the Royal Society of London, 
which is hereby gratefully acknowledged. 
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spectrum employed. For example, Green found^ that the ultra- 
violet rays exerted a strong destructive action on diastase; the 
green rays acted in the same way; on the other hand, other por- 
tions of the spectrum were found to activate the enzyme at first, 
especially rays in the red, orange, and blue. Ultimately these 
rays caused destruction of the enzyme. The different diastases 
were found to behave differently; the malt extract was destroyed 
up to 68 per cent, while the diastases of saliva and leaves were 
destroyed up to 45 per cent and 8 per cent, respectively. The 
destructive action of radium radiations on emulsin and trypsin 
has been investigated by Henri and Mayer,“ and the activation of 
animal amylase by radium emanation by Loewenthal and Wohlge- 
muth.'* Richter and Gerhartz have found® that X-rays have no 
appreciable influence on the activity of enzymes. 

In a previous communication® it was shown that between 
10° and 40° the temperature coefficient of the reduction of oxy- 
hemoglobin to the one-banded condition by reductase was ap- 
proximately 2, while above the latter temperature the tempera- 
ture coefficient rapidly decreased as the temperature at which 
the reduction took place was raised. It was pointed out that this 
decrease in the temperature coefficient was probably due to a 
partial inhibition of the enzyme by heat. In order to test the 
validity of this assumption, the influence of heat on the activ- 
ity of reductase has been investigated. The results obtained, 
which permit the determination of the “destruction temperature” 
of reductase, and the influence of light and radium radiations 
on the activity of reductase are dealt with in the present com- 
munication. 

Changes produced by radiations in the activity of reductase 
were determined by comparing the time required for the reduc- 
tion of oxyhemoglobin by a quantity of the enzyme which had 
been acted upon by a particular radiation, witli the time re- 
quired for the reduction by the same quantity of the enzyme 
which had not been acted upon by the radiation. Tlie progress 

2 J. R. Green: Phil. Tr. Ray. Soc., cl.wxviii, p. 167, 1S97. 

’V. Henri and A. Mayer: Compt. rend. Soc. dchwl., Ivi, p. 230, 1901. 

« S. Loewenthal and J. WohlBcmuth; Biochem. Zlschr., xxi, p. -176, 1909. 

* P F. Richter and H. Gerhartz: Bcrl. khn. Wchnachr., xlv, p, 010, 190S. 

«D. F. Harris .and H. J. M. Creighton: this Journal, xx, p. 179, 191.0. 
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of the reduction was followed by the spectroscopic method pre- 
^^ously described.'* All reductions were carried out at 40°. The 
reductase contained in cat’s fresh liver juice was emplo 3 ’^ed in the 
experiments. 

ir. EXPERIMENTAL. 

A . The influence of heat and temperature on the activity of reductase. 

In order to determine the influence of heat and temperature 
on the activity of reductase, experiments were carried out as 
follows; A mixture of one part of liver juice and one part of water 
was heated for three minutes at a given temperature; the mixture 
was then quickly cooled to room temperature and mixed with 
two parts of blood solution, prepared by diluting 10 cc. of cat's 
freshly deflbrinated blood to 250 cc. with w'ater. This mixture 
was then introduced into conical observation tubes which w^ere 
placed in the thermostat at 40°. The times required for the 
reduction of these mixtures were compared with that required 
for the reduction of a normal mixture consisting of one part of 
liver juice (unheated), one part of water, and two parts of the 
blood solution. The results of the experiments are given in 
Table I. 


TABLE I. 

4.S minutes required for reduction of normal mixture. 


TEUPSRATtTRC AT 'W^CB 
MIXTURE or LITER JUICE AND 
WATER WAS RENTED BETORE 
MIXING WITH THE BLOOD 
SOLUTION 

1 

TIME REQUIRED TOR THE 
REDUCTION or THE 
MIXTURE 

ACTIVirr of THE L1\XR JUICE 
.^rXER HEATING, EXPRESSED 

IN TERMS or ITS ORIGI- 
NAL ACriVITT 


»ntu. 

■per cent 

30° 

5 ; 

90 

35° 

6.0 1 

69 

o 

o 

6.5 I 

69 

45° 

8 

56 

50° 

10 

45 

55° : 

11 

41 

60° 

12.5 1 

36 

65° 

14 j 

32 

70° 

46 

9.8 

75° 

] 


80° 

1 No reduction at the 

ca.O 

90° 

1 end of two hours 


’Harris and Creighton: loc. oil. 
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Examination of Table! shows that even when the juice is heated 
for three minutes at as low a temperature as 30°, there occurs 
an appreciable decrease in its activity. As the temperature of 
the heating of the juice is increased, the activity of the juice shows 
a corresponding decrease, i.e., an increase in the time required 
to effect reduction. This increase in the time required for re- 



duction is gradual until the temperature reaches G5°; above tliis 
temperature it lengthens verj’- rapidly. These results are expressed 
graphically in Figure 1. In this figure the temperatures at w hieh 
the liver juice was heated are plotted on the a.vis of absei s=ae 
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against the times required for reduction on the axis of ordinates. 
It -will be seen that between 20° and 65° the slope of the curv^e is 
quite gradual, but that at the latter temperature it suddenl}- 
becomes very steep, almost vertical. In other words, between 
65° and 70° the actirtty of the reductase in liver juice is 
rapidly destroyed. When the juice is heated for three minutes 
at 75°, it is incapable of effecting the reduction of o.xjFemoglobin 
at 40° in two hours; i.e., juice which has been heated at this 
temperature behaves like a boiled control. It must be inferred, 
therefore, that a temperature of over 70° is sufficient to bring 
about complete, permanent inhibition of the enzyme. We de- 
fine the destruction temperature of reductase as follows: The 
destruciion temperature is that temperature above which it is impos- 
sible to heat the enzyme for a given time without completely destroy- 
ing its reducing power. The destruction temperature of reductase, 
with three minutes’ heating, therefore, is about 72°. 

B. The influence of radium and light radiations on the activity of 

reductase. 

The influence of light and radium radiations on the activitj' 
of reductase was determined by comparing the times required 
for the reduction of oxyhemoglobin by liver juice which had been 
subjected to the radiation, with that required by liver juice 
which had been kept in the dark. For the radium experiments 
5 mg. of the bromide of an acth'it 5 ’^ of about 1,000,000 were 
employed. The end of the small tube containing the radium 
was placed just above the surface of a few cc. of the liver juice. 
Cat’s fresh liver juice was dhdded into three parts and placed 
in three narrow bottles. Gne of these was placed in the light, 
another in the dark, and the third was placed in the dark with 
the radium. At the end of 7, 24, 48, and 72 hours the reducing 
power of equal portions of each of these liver juices was meas- 
ured at 40° against blood. In all the measurements, no differ- 
ence was found between the times required for the reduction of 
the oxyhemoglobin bj’’ the different juices. 

No satisfactory explanation can be put forward to account 
for the fact that neither light nor radium seems to exert any 
inhibitory action on reductase. It might have been thought that 
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since reductase must do its work in the depths of the tissues, that 
is, in complete darkness, light would have had some injurious 
influence upon it. This does not seem to be the case. As re- 
gards radium, it is known that its general tendency is to destroy 
living tissues. It would not have been surprising had it been 
found that radium destroj’-ed reductase; no evidence has been 
obtained that it does. 


ni. SUMMARY. 

1. The influence of heat, light, and radium radiations on the 
activity of reductase has been investigated. 

2. It has been found that heat inhibits the activity of reduc- 
tase, the extent of the inhibition depending upon the tempera- 
ture. The degree of inhibition increases slowly with temperature, 
complete permanent inhibition talcing place between 70 ° and 75 °. 

3. The destruction temperature of reductase, which has been 
defined, is about 72°. 

4. Light and radium radiations have no appreciable influence 
on the activity of reductase. 



FURTHER STUDIES ON THE RELATION .OF DIET TO 
TRANSMISSIBLE TUMiORS. 

Br J. E. S^EET, ELLEN P. CORSON-WHITE, akd 
G. J. SAXON. 

{From the Ldboraiory of the American Oncologic Hospital, Philadelphia.) 

(Received for publication. April 8, 1915.) 

In the first report of our work upon the possible relation of the’ 
constituents of the diet to the growth of the transmissible tumors 
of rats and mice' we described experiments carried out upon rats 
and mice which were fed a modification of one of the growth- 
inhibiting diets used by 'Mendel and Osborne in their studies of 
growth.” Our work has been continued, and we wish to report 
the results of later experiences. 

The work has been continued chiefly with the use of the white 
rat and the Flexner-Jobling carcinoma. The observations men- 
tioned in our earlier report in regard to the use of the litter unit 
have been extended and confirmed; namely, that the susceptibility 
or immunity toward a tumor shown by an individual is a property 
common to all the individuals of that litter. Therefore the 
most crucial experiment possible is to inocxilate a large number of 
litters, choose those litters in which a -positive tumor take is re- 
corded, and then divide these litters equally among control and 
experiment. 

Through the kindness of the Wistar Institute we have been 
able to obtain the animals in the original litters, and we feel con- 
fident of the importance of the suggestion made previously, that 
observations of litter units are of more value in tumor work than 
studies of large numbers of mixed animals. 

The results of our earlier work, that animals kept upon a diet 
which inhibits the normal growth of the animal are hereby placed 

‘ J. E. Sweet, E. P. Corson-White, and G. J. Saxon: this Journal, sv, 
p. 181, 1913. 

’T. B. Osborne and L. B. Mendel: Ztschr. f. physiol. Chem., Ixxx. p. 
307, 1912. 
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under conditions in which, after inoculation with a transmissible 
tumor, a diminished number of takes and an increased number of 
retrogressions are observed, have been fullj'^ confirmed, as shown 
in the following table. 

TABI^ I. 


LITTERS 

RATS 

TAKES 

RETRO- 

OREdSIONS 

5IETAS- 

tasbs 

DIET 

19 

134 

72 = 54% 

3 

0 

Normal 

11 

82 

14=17% 

8 

0 

Mendel-Osborne 


Applying our standard of a crucial experiment, inoculating many 
litters, and dividing those litters in which a positive take is re- 
corded, we find the results shown in Table II. 


TABLE II. 



BATS 

TAKES 

1 

RETRO- 

GRESSIONS 

metas- 

TABES 

i 

DIET i 

DlAMKTFn 
OP TlJMOn 
AT 30 n\T9 

12 litters of 86 f 

43 

41 

7 

0 

Normal 

mm 

10-25 

rats \ 

43 

43 

20 

0 

Mcndcl-Osbornc 

4-10 


Since the appearance of our first paper, Robertson and Burnett 
have published experiments showing that cholesterol accelerates 
the growth of carcinoma in rats, and also greatly increases the 
extent of metastatic growth.’ It seemed to us of interest to 
repeat these experiments and also to determine the effect of choles- 
terol on animals living upon the modified Mendel-Obsorne diet. 
The results of these experiments are shown in the following tables. 


TABLE III. 


1 

LITTERS 1 

RATS 

1 TAKES 1 

RETRO- 

GRESSIONS 

MET AS- 

TASES 

DIPT 

11 

84 

56 

3 

0 

Normal. 

9 1 

52 

37 

1 

31 

Normal -f- cliolcstcrol on tumor. 

" i 

34 

25 

2 

19 

Normal -f- cliolc.storol 0.2 gm. 
injected on other side. 

4 

26 

26 

0 

20 

i 

1 Normal -f- cholc.'sterol 0.2 gm. 
injected once a week. 

5 

28 

28 

0 

; 28 

Normal + cholesterol 0.2 gm. 
fed once a week. 


«T. B. Robertson and T. C. Burnett; Jour. Exvcr. Med.. xvU, p.31l, 
1913. 











Sweet, Corson-Wliite, and Saxon 311 


table w. 


LrrrEBS 

tlATS 

TAKB3 1 

BETBO- 
i tSRESSlOKS 

METAS- 

TASES 

■ PIET 

11 1 

84 1 

56 ! 

3 

0 

Normal. 

23 

140 

116 

3 

104 

Normal + cholesterol. 







table V. 


LrmiBs I 

RATS 

TAKES 

BETHO- 

GBESSIOKS 

UETAS-j 
TASES 1 

PIET 

11 

54 

9 

2 

0 i 

Mendel and Osborne. 

3 


5 

2 

2? 1 

Mendel and Osborne + cholesterol 
on tumor. 

2 

1 1 

2 1 

I 1 

0 1 

[ Mendel and Oabome + cholesterol 

1 injected on other side. 

2 

11 

5 


1? 

Mendel and Osborne + cholesterol 
injected 0.2 gm. once a week. 

2 

14 

4 

0 

0 

Mendel and Osborne + cholesterol 
fed 0.2 gm. once a week. 


Mendel and Osborne diet for two weeks belore inoculation- 


TABLE VL 


LITTERS 

BATS 

TABES 

1 

BETBO- 

caEssio?»s 

ITETAS- 

TASES 

DIET 


54 

n 

2 

0 

Mendel and Osborne. 

9 

59 

■ 

3 

3? 

Mendel and Osborne + 
cholesterol. 


Applying again our standard of the crucial experiment, the 
inoculation of a large number of litters, and equally dividing 
those in -which a positive take is recorded, -we obtain the result 
shown in Table VII. 


TABIiE "VIL 


! 

BATS 

1 TAKES 

BETRO- 
1 PBESStONS 

UETAS- 
1 TASES 

1 BIET 

9 litters of 111 J 

52 

42 

4 

34 

Normal + cholesterol. 

rats \ 

59 

16 

3 

3? 

Mendel and Osborne + 






cholesterol. 
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It might be more or less pertinently suggested that such an 
experiment, to be entirely above criticism, should be made upon 
a series of animals all inoculated from the same original tumor. 
Such an experiment is found in Table VIII. 

TABLE vin. 

Mar. 6, 1913. Nine litters were inoculated with the same tumor, a 
very large, rapidly growing one; three litters showed a positiA'c take in 
every individual. These litters were divided as follows: 

1 litter of 12 rats: 6 on normal diet + cholesterol; 6 on Mendel-Osborne 
diet + cholesterol. 

1 litter of 6 rats: 3 on normal diet + cholesterol; 3 on Mendel and 
Osborne diet + cholesterol. 

1 litter of 7 rats: 3 on normal diet + cholesterol; 4 on Mendel and Os- 
borne diet 4- cholesterol. 


RATS 

TAKES 

1 

1 RETRO- 
1 GnESSION*S 1 

METAS- 

TA8ES 

1 DIET 

12 

13 

12 

1 '' 

O O 

12 

l(lung) 

Normal + cholesterol. 

Mendel and Osborne -f cholesterol. 


In the above tables the question mark placed after the figures 
representing the metastases found in the cholesterol-treated ani- 
mals on the Mendel and Osborne diet, means that these metastases 
were simply enlarged glands or secondary tumor growths in the 
immediate neighborhood of the primary inoculation, whereas 
the metastases in the cholesterol animals on the normal diet were 
all into distant organs, such as the lungs, mediastinal glands, 
liver, etc. In only one cholesterol animal, maintained on the 
Mendel and Osborne diet, did we find a metastasis into a distant 
organ, in this case into the lung. 

It is a much simpler matter to obtain results such as those 
contained in the preceding tables, than it is to present a fair 
and critical interpretation of them. Our work has been b.ased 
entirely upon the work instigated by Mendel and Osborne and 
substantiated by numerous other observers, and the viewpoint 
has been expressed by them in the follou'ing words;' 

Our own experiments, as well as those of the other inv cstigatora men- 
tioned, make it clear that something further than a sufTicicnt suppb of 


* Osborne and Mendel; this Jo^irnal, .xv, p. 312, 1913. 
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eneigy-yielding food material is required to promote a normal growth. 
The animal cells need for their activities not only energy, but also suitable 
constructive material to replace the wear and tear therein. Further- 
more the cells are concerned in the elaboration of a great diversity of 
complex and little understood substances such as enzymes, products of 
internal secretion, etc., which unquestionably play an indispensable r61e 
in life andmayrequire either special antecedent products for their construc- 
tion, chemical activators of some sort, or minute quantities of readily 
overlooked rarer elements and compounds. It is easy, yet futile at the 
present time, to develop detailed hypotheses respecting the almost innu- 
merable possibilities involved. 

One of the most concrete examples of this concept of substances 
essential for normal cell reproduction and growth, which sub- 
stances have nothing to do with general malnutrition, is seen in 
the effect upon spermatogenesis of the removal of the pituitary. 
Such an animal may double its original weight, but the spenna- 
togenetic tissue of the testicle completely disappears. It is sup- 
posed that a hormone is formed by the pituitary' which controls 
spermatogenesis; but this hormone is a chemical body and must 
be built up by the pituitary from chemical compounds which have 
been furnished by the rest of the body or some portion of the body. 
These components of the finished hormone must have been derived 
in the last analysis from the food or possibly from the breakdown 
of the tissues of the body itself. Therefore the lack of such es- 
sential, though xmknown components of the food, — provided that 
the body is not breaking down at a rate sufficiently rapid to supply 
these components, — should result in a lack of specific substances. 

It is of interest in this connection to note that substances 
which are inhibitory of tiunor growth are also destructive of the 
normal process of spermatogenesis. The X-ray, radium, and 
injection of choline all inhibit or destroy tumor activity, and all 
likewise are known to destroy spermatogenesis;® certain of our 
rats on the Mendel-Osborne diet have also shown a complete loss 
of spermatogenesis. 

Since the appearance of our first paper, several series of experi- 
ments have been reported along similar lines. Van Alstyne and 
Beebe® found that a diet of casein and lard exerted a depressing 

‘ R. Wemer and St. SzScsi; Ztschr. }. Chemolherap., i, p. 357 1912-33, 

‘E. V. N. Van AIst>-ne and S. P. Beebe: Jour. Med. Research, xxiv 
p. 217, 1913-14. 
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effect upon tumor growth, as compared Avith the growth of ani- 
mals fed upon a diet of bread. 

They found also that tAventy-four out of twenty-si.v animals on 
a diet of casein, lard, and lactose greAv a tumor Avith fatal results, 
Avhile on a diet of casein and lard, tAventy regressed and only two- 
were killed by the tumor. They conclude that the carbohydrate 
element in the diet is the one responsible for the difference. 

Tavo facts may be pointed out in this Avork of Van Alstyne and 
Beebe. First, the fact that a diet of casein and lard does not 
contain any of these unknown substances which are essential 
for normal groAvth, Avhereas lactose has in our oaa'u experience some- 
times apparentl}'- contained these substances. We haAm found it 
impossible to maintain rats at a constant level of Aveight on cer- 
tain preparations of lactose. The other point is in regard to the 
actual condition of the animals reported in these series. For 
instance, the average Aveights of tAVO series of animals are givcid 
during the first four Aveeks after inoculation AAuth the tumor. 

It Avill be seen from these tables that upon a special diet rats 
Aveighing 41.7 grams reached a AA'eight of 48 grams after four 
Aveeks; and on the control diet, rats Aveighing 42.3 grams averaged 

45.1 grams four Aveeks later; according to Donaldson's tabic of 
the normal groAvth of the AAdiite rat,® an animal AA'cighing 42 grams 
should weigh 106 grams four Aveeks later. Or® a series averaging 

72.1 grams on the special diet, weighed 78.6 grams four avccUs 
later, and the control series on the regular diet AA'eighing GOA 
grams, averaged 69.2 grams four Aveeks later. According to 
the same authority on the normal rat, rats Aveighing about 72 
grams should Aveigh 148 grams four AA'ceks later, and rats Aveighing 
about 60 grams should Aveigh 135 grams four weeks Inter. 

That the animals had an abundance of food and appeared to 
be in excellent nutritional condition is entirely in accord with 
the proper results of the Mendel and Osborne data, and it Avould 
seem to us that the studies reported by Van Alstyne and Boebo 
might be considered almost as comparatiA’o results of two diets, 
each of Avhich inliibits normal groAvth; nor docs such a statement 
necessaril}’’ disagree AA'ith our previous conclusion that tumor 

' Van Alstj’nc and Beebe: loc. oil., p. 22G. 

«H. H. Donaldson: Boas Aniiircrsarij Volume, New York, 1900, p. 0. 

’ Van Alstyne .and Beebe: loc. cit., p. 22,1. 
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cells agree with normal somatic cells vnth respect to their laws 
of growth. If we .could stop all normal cell growth we could 
doubtless stop tumor cell growth, but where any cell growth is 
possible, we believe that experimental work and clinical findings 
both indicate that the tumor cell retains its power of growth 
longer than the somatic cell, and it is in this respect of possess- 
ing a stronger affinity for the growth-producing substance that 
the tumor cell differs from the normal cell. 

Another interesting article concerns us here — ^the work of Rous 
on “The influence of diet on transplantable and spontaneous 
mouse tumors.’'^“ The study of Rous’s paper leads us to the 
conclusion that his work substantiates our earlier findings and 
that the only differences of note are differences in the point of 
view. The influence of underfeeding must undoubtedly be taken 
into consideration in the study of tumor growth, and must also 
be ruled out in such studies as we have undertaken upon the 
effects of diet. In aU of our experiments animals which lost in 
weight on the special diet were not considered fair objects of 
experiment and were rejected, unless it were that animals which 
developed a tumor, even on a normal diet, showed a gradual 
decline in weight after a long period. 

A study of the following wei^t curves, which have been com- 
piled as average curves of our experimental animals, might lead 
one to conclude with Rons that the element of underfeeding 
enters largely into the results. It will be noticed that the animals 
kept on a normal diet plus cholesterol show an average weight 
curve more nearly approximating the normal, and that the lowest 
average cun'^e is that represented by the inoculated animals on 
a gliadin diet; but a study of the individual weight curves of some 
of these animals shows that some factor other than malnutri- 
tion must have entered. 

Thus a rat weighing 56 grams at the time of inoculation, Feb- 
ruary 27, 1914, reached a maximum weight of 68 grams on May 
4, and weighed only 42 grams at the time of death, July 4. The 
animal died with a small tumor and many metastases. An animal 
weigffing 53.8 grams, inoculated on March 16, 1914, reached a 
maximum w'eight of 112 grams on May 28, and died weighing 


P. Rous: Jour. Exper. Med., xx, p. 433, 1914. 
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99.8 gi-ams on July 5, mth a tumor weighing 2^4 grams and with 
many metastases. According to Donaldson’s standard table, 
a rat weighing 56 grams should have weighed four months later 
about 230 grams, and a rat weighing 53.8 grams should also have 
weighed about 230 grams, approximately four months later. 

At the same time another animal weighing 96.3 grfi,ms, at tha 
time of inoculation, December 20, 1913, reached a maximum 
weight of 259.2 grams on May 10, and died on June 6 weighing 



207.4 grams, with a tumor weighing 15.3 grams and many metas- 
tases. According to Donaldson’s table such an animal should 
have weighed about 260 grams at the time of its death, and in 
fact the animal did reach a maximum weight of 259.2 grams. 

A comparison of the average weight curves shmvn in the table 
would at first sight soem to indicate, as we have s.aid, that the 
question of tumor grow'th was entirely parallel w’ith the normal 
growth of the organism. The animals which showed the most 
extensive growth of tumor and development of metastases, those 
on a normal diet plus cholesterol, show a growth curve which for 
a long period closely approximates the normal. The animals 
on a normal diet with u tumor fall far below this curve. 
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The next best curve is that on the gliadin diet plus cholesterol, 
and the lowest curve is represented by those animals on the 
gliadin diet possessing a tumor. These curves illustrate a pos- 
sible difference in point of view, such as we think constitutes the 
chief difference between the work of Rous and our early results; 
but the study of individuab in our series, which in spite of the 
normal diet and the addition of cholesterol show every evidence 
of stunted general growth and nevertheless grew large tumors unth 
many metastases, can only be interpreted as meaning that some 
factor of diet permitted the growth of the tumor, even though the 
animal itself failed to grow normally. The results obtained with 
the use of cholesterol are abo interpreted by us as showing the 
effect of substances not comprised under the general head of 
proteins, carbohydrates, or fats, upon the growth of tumors, as 
shown in Table IV. Out of 116 animals, 104 developed metas- 
tases on the addition of cholesterol, and we have never had a me- 
tastasis with thb tumor in our laboratory under any conditions 
except on the addition of cholesterol. We are nevertheless unable 
to agree with Robertson and Burnett that cholesterol is a factor 
of decisive importance. If it were cholesterol alone which is 
responsible for the increased tumor growth, it is hardly con- 
ceivable that the results shown in Table VIII could be obtained. 

A study of Tables III and V shows that animab placed on the 
Osborne and Mendel diet have developed, in spite of the choles- 
terol, the same resbtance toward tumor takes that has charac- 
terized our work with this diet. It would seem, therefore, that 
the action of the cholesterol must depend not upon its action alone, 
but upon its action when combined with some unknown element 
of the food. The effect of cholesterol added to a normal diet 
in producing metastases of a tumor which had never before in 
our hands shown a metastasis is certainly remarkable, but the 
fact that this same substance, when used in the presence of a 
grondh-inhibiting diet, has only in one instance produced a 
development of a metastasis into a distant organ, b equally 
remarkable. 

We believe that our further experience, as outlined above, 
supports our earlier conclusion that the tumor celb are subject 
to the same laws of growth as the normal somatic celb, the only 
difference being that the tumor ceU possesses a stronger avidity 
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for the unknown substances in the diet which are essential for 
cell growth, and will therefore persist in its development even 
though the individual is losing weight. It must also be borne 
in mind that this unknown substance might also be obtained 
from the breakdown of normal bod}'’ cells and that experiments 
along such lines can only be considered satisfactory when the 
individuals are kept under conditions in which there is no loss 
of weight. 



RESEARCHES ON PITRINES. XVH.* 


OK A IfEW SYKTHESIS OF ALKYLAMIKO-PirRINES. OK 2 -OXY- 
S-XmOPtnirNE, a-OXY-S-METHYLMERCAPTO-PtreiKE, 
2-OXy-8-METHYLAMIKO-PTmiKE AKD 2-OXy-6, 
9-DIMETHyL-8-THIOPirRINE. 

Bt carl O. JOHNS. 

(From the Sheffield Laboratory of Yale University, New Haven.) 

(Received for publication, April 12, 1915.) 

Very few aUrj^lamino-purines are known. Cramer," working 
in Emil Fischer’s laboratory, prepared 8-methylaminocaffeine 
(II) and 8-ethylaminocaffeine (HI) by heating 8-chlorcaffeine 
(I) with methyl- and ethylamine, respectively. This method 
is limited in its application because the chlor-derivatives of many 
simple purines have not been prepared. Although uric acid 
gives chlor-derivatives, the simple mono- and di-oxy-purines ^do 
not seem to react with the phosphorus halides to give the cor- 
responding chlor-derivatives. This is probably because they 
are more basic in nature than is uric acid. 

A considerable number of purine derivatives containing sul- 
phur have been prepared. When such purines are alkylated 
.vitb methyl iodide, the methyl group becomes attached to the 
sulphur atom,® and a methylmercapto-purine is obtained. It 
is probable that this methylation could be accomplished by 
means of dimethyl sulphate instead of methyl iodide, since di- 
methyl sulphate has been used successfully in methylating on 
the sulphur atom in pyrimidines.^ 

The writer has fotmd that methylamine reacts smoothly with 
methylmercapto-purines to form methylamino-purines, methyl- 

> C. O. Johns and B. M. Hendrix: this Journal, xx, p. 153, 1915. The 
present investigation rvas aided by a grant from the Bache fund. 

’ L. Cramer: JSer. d. deulsch. chem. Gesellsch., xxvii, p. 3089, 1894. 

’E, Fischer: ibid., xxxi, p. 431, 1898. 

‘ C. O. Johns and E. J. Baumann: this Journal, xiv, p. 384, 1913. 
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Researches on Purines 


-mercaptan being liberated. It is probable that the higher alkyl 
amines as well as the aryl amines will also react with these mer- 
capto-purines, thus giving a variety of new alkyl and arjd' amino- 
purines. 

A preliminary experiment also indicated that ammonia at a 
high temperature reacts with 2-oxy-8-methylmercapto-purine 
(VI) and liberates methylmercaptan. The resulting 2-o.\y-S- 
amino-purine was not obtained in a pure state, and hence a de- 
scription of this compound must be deferred until more experi- 
mental work can be done. 

When 2-oxy-5, 6-diamino-pyrimidine (IV)® was heated with 
thiourea or ammonium thiocyanate at 185° C., 2-oxj’--8-thio- 
purine (V) was obtained. When the sodium salt of 2-o.xy-S- 
thiopvriae was suspended in sJenhoJ contaimDg methy} iodide, 
and this mixture was warmed, alkylation took place on the 
sulphur atom and 2-oxy-8-methylmercapto-purine (VI) was 
formed. This compound reacted readily with methylaraine at 
100°C. and gave 2-oxy-8-methylamino-purine (IX). 

This communication also contains a description of the method 
of preparation and the properties of 2-oxy-6,9-dimcthyl-8- 
thiopurine (VIII). This compound was prepared by heating 
2-oxy-4-methyl-5-amino-G-methylamino-pyrimidine (VII)® with 
thiourea. 

These researches will be continued. 


CH, -N— CO 

I I 

OC C— N • CH, 
)o.CI 

CH, • N— C— N 
I 


CH,N— CO 


CH,-N— CO 


OC c— N-CH, atid OC C— N-CH, 


\ 


CNHCH, 


CH,N— C— N 

ir 


CH,N— C— N 
III 




® Johns: Am. Chcrn. Jour., xlv, p. S2, 1911. 

‘Johns and Baumann: this Journal, xv, p. 123, 1913 
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HX— CH 
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N=C-NHCH, 
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HX — C — ^X 
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EXPEEIMENTAI, PART. 

2-Oxy-8-tkiopurine. 


N==CH 

I ; 

OC C— NH 



HN— C— XH 


One gram of 2-oxy-5,6-dianiinO'pyrimidine^ was heated to- 
gether with 1 gram of thiourea in an oil bath at 180° to 185° C. 
for an hour. The mixture melted and finally formed a hard, 
black crust. This was boiled in dilute ammonia and the insolu- 
ble portion was filtered oS and discarded. The filtrate was de- 
colorized with blood coal and then acidified with acetic acid. 
This treatment produced a precipitate of very minute prisms 
which united to form globular aggregations. These crystals were 
difficultly soluble in hot water and in the common organic sol- 
vents. They were purified by dissolving in dilute ammonia 
and reprecipitating with acetic acid. They did not melt at 300° C. 

Calcolated for 
CjHiONiS: Found. 


N 33.33 33.31 

S 19.04 18.28 


' Johns: loc. cil. 
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^-Oxy-8-meiliylmercapto-purine. 

N==CH 

1 I 

oc c—nh: 

^C-SCH, 

HN~C— N 

The sodium salt of 2-oxy-8-thiopurjne was prepared by dis- 
solving the purine in a solution of sodium eth 3 date and water. 
0.3 of a gram of metallic sodium was dissolved in a little alcohol 
and 10 cc. of water were added. Two grams of 2'Oxy-8'thiopurinc 
were then dissolved in this solution, after which 90 cc. of alcohol 
were added. The sodium salt of the purine was precipitated 
partly by the alcohol. Four cc. of methjd iodide were added and 
the mixture was heated gently under a reflux condenser means 
of a water bath. Alkylation took place rapidlj’-, and after fifteen 
minutes the solution had ceased to react alkaline. The mixture 
was then evaporated to dryness and the residue dissolved in a 
little hot, dilute ammonia. On acidifying the hot solution with 
acetic acid, a precipitate of slender prisms was obtained. Tlicse 
were difficultly soluble in organic solvents and in w'ater. They 
decomposed slowly when heated above 260° C., but did not melt 
at 300° C. The yield was about 60 per cent of the calculated 
quantity. 

C!llcll^^tc(^ tor Found: 

C«H.ON<S: I II 

30. 7G 30. 07 30.33 

2-Oxy-S-meihylamino-pitrine. 

N^CII 

I I 

OC C— NH 

j j ^CNIICH, 

HN— C— N 

One gram of 2-oxy-S-metln'hnercapto-purine was dissolved in 
a mixture of 4 cc. of aqueous methylamine and 6 cc. of wafer. 
This solution was heated in a sealed tube at 100° C. over night. 
When the tube was opened there was a strong odor of mercaptan, 
and the original red color of the solution had disappeared, 'fiie 



C. 0. Johns 


323 


mercaptan was driven off by evaporating the solution to drj'- 
ness. The residue did not give a test for sulphur. It dissolved 
but very slightl)^ in water. or the common organic solvents. It 
did not dissolve in dilute ammonia, but dissolved readily in di- 
lute sodium h 3 'dro.\'ide, and on acidifjdng this hot solution -ndth 
acetic acidj a crj^stalline precipitate was obtained. The crj'stals 
were very minute and formed sheaf-like bundles. The5’' did 
not melt at 300° C. The jdeld was about 75 per cent of the 
calculated quantity’. 

Calculated for 
CiHiOXiS: Found: 

X 42.42 42.13 


2-Oxy-G,9-dimeth.yl-8-lhiopurine. 

N=C-CH, 

I 1 

OC C— NH 

^CS 

HN— C— N-CH, 


1.6 grams of 2-ox3'-4-meth5d-5-amino-6-methj'lammo-p3-rimi- 
dine® were mixed with 2 grams of thiourea bj’- grinding the sub- 
stances together in a mortar. This mbcture was heated in an 
oil bath at 170° to 180° C. for an hour. The reaction-product 
was then dissolved in hot, dilute ammonia, and the solution was 
decolorized with blood coal. The solution was filtered while 
still hot, and the filtrate was acidified with acetic acid, whereupon 
a precipitate was obtained. This was purified by dissohing 
again in hot, dilute ammonia and reprecipitating with acetic 
acid. In this waj'- the purine was obtained as a light colored, 
finely divided powder. The jdeld was almost quantitative. 
This purine was but slightlj' soluble in hot alcohol or water and 
did not dissolve in benzene. When evaporated with nitric acid 
on the steam bath it gave a j'ellow residue which turned red 
when moistened with ammonia. The red color was intensified 
b}’- heating gently. 

Calculated ior 
CtHiOXaS: 

28.57 


‘ Johns and Baumann; loc. cil. 


Found: 
2S. 67 




VIVIDIFFUSION EXPERIMENTS ON THE AMMONIA OF 
THE CIRCULATING BLOOD. 

Br ALICE ROHDE. 

{From the Pharmacological Laboratory of Johns Hopkins University, 

Baltimore.) 

(Received for publication, April 25, 1915.) 

The fact that the ammonia content of shed blood under aseptic 
conditions may increase or diminish over a period of observation 
of twenty-four hours was reported by Medwedew.^ 

The amount of ammonia was found to increase as much as 1.4 mg. per 
100 cc. in twenty-four hours in blood from normal, well nourished dogs 
and to fall aa much as 0.8 mg. per 100 cc. in. twenty-four hours in blood from 
animals which had fasted for forty-five days. Medwedew explains the 
production of the ammonia by a deamidization process due to ferment 
action upon substances in the blood, which may yield ammonia and the 
disappearance of ammonia by a synthetic process due also to ferment 
action in which the ammonia of the blood enters into the formation of an 
amino or amido compoimd. Both ferments Medwedew assumes to be 
present in the plasma. His experiments lead him also to believe that a 
deamidase diffuses slowly from the corpuscles in shed blood. Folin* 
emphasizes the process of ammonia formation in these words: “The blood 
decomposes spontaneously at all temperatures even when kept on ice. 
The ammonia thus produced by dhcomposition in the course of a few 
hours is much greater than the preformed ammonia present in the strict- 
ly fresh blood.” Grafe’ speaks of labile substances in the tissues of re- 
cently killed animals which easUy split off ammonia. 

The following experiments were undertaken to determine 
whether with aseptic measures the formation of ammonia occurs 
in diffusible constituents of the blood after their separation from 
the non-diffusible constituents according to the method of Abel, 
Rowntree, and Turner.'* A vividiffusion apparatus was attached 

* A. Medwedew: Ztschr. f. physiol. Chem., Ixxii, p. 410, 1911. 

- O. Folin and Vf. Denis: this Journal, xi, p. 532, 1912. 

’E. Grafe: Ztschr. f. physiol. Chem., .xlviii, p. 302, 1906. 

* J. J. Abel, L. G. Rowntree, and B. B. Turner: Jour. Pharm. and Ex- 
per. Thcrap., v, p. 275, 1913-14. 
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to the circulation of well nourished dogs and the dialysate studied 
for the production of ammonia in excess of that present at the 
time of dialysis. The results were compared with those ob- 
tained with shed blood under similar conditions. 

The Folin^ method for the determination of ammonia in blood was used 
for the analyses. 100 cc. of the material were measured into a 1000 cc. 
cylinder, and 10 cc. of 0.01 normal hydrochloric acid were measured into 
each of two 200 cc. Erlenmeyer flasks and diluted w'ith about 10 cc. of 
water. A duplicate sample and a sample of a standard solution of .am- 
monium sulphate containing 0.28 mg. of ammonia nitrogen per 100 cc. 
were arranged in a similar apparatus, and one pump attached directly 
to the water-main was used at full force to draw an air current through 
this train of cylinders, receivers, aijd wash bottle. 20 cc. of a saturated 
solution of sodium carbonate were used to free the ammonia from each 
sample of material. Small bubblers made in the laboratory after tlie 
Folin pattern were used in the absorption apparatus. Water redistilled 
from phosphoric acid was used in diluting and in rinsing. The samples 
were aerated for three hours, although two hours usually were found Bv\f- 
ficient for the standard solution and for the dialysate. To prevent foam- 
ing 25 cc. of ethyl alcohol and 10 cc. of toluene were added to each sample 
and renewed when necessary. 0.01 normal sodium hydroxide and one 
drop of 1 per cent sodium alizarinsulphonate wore used in titrating the 
excess of acid. In 0.3 mg. of ammonia ivitrogen per 100 cc. of material 
there is a probable error of 4 per cent in the procedure ns here carried out, 
but as the results in these experiments are of Amlue because of their com- 
parative interest rather than the absolute ammonia content of the ma- 
terial, it was thought unnecessary to attempt to reduce the error below 
this value. In Experiment V use was made of Folin’s* microchcmical 
method for the determination of ammonia nitrogen in the blood in order 
to determine quickly during a process of diffusion the ammonia content 
of a dialysate and the ammonia content of the blood with which it might 
have reached an equilibrium. 

A vividiffusion apparatus designed to hold WOO cc. of dialysate and 200 
cc. of blood according to the model represented in Figure 1 was used for 
Experiments I to IV. An apparatus represented by Figure 2 was used for 
Ex-periment V. This latter apparatus contained only 150 cc. of dialysate 
and 100 cc. of blood. Precautions were taken in all experiments to se- 
cure good mixing of the outer fluid. In the first c.xperimcnt a rubber bulb 
filled with sterile saline was attached to the inflow and to the outflow tubc-s 
of the outer jacket and pressed every eight seconds by hand. In the second 
ex-periment a centrifugal pump w-as connected by outflow and inflow tubes 
to the outer jacket of the apparatus and a rapid and uniform circulation 

>0. Folin: Zisc/tr. f. physiol. Chem., x.xxvii, p. 101, 1902. 

'Folin and Denis: loc. cit., p. 528. 


Alice Rohde 


327 



Fig. 1. Pekspective View op Vividipfesion App.^.hates. 

A, arterial cannula; B, venous cannula; C, side tube for introduction of 
hirudin; D, inflow tube; E, outlet tube; F, G, supporting rod attached at H 
andiftobranchedU-tubes; L, burette for hirudin; M, N, tube for filling and 
emptying liquid in outer jacket; 0, air outlet; P, dichotomous branching 
point of inflow tube; Q and R, quadruple branching points of same; S, S', 
wooden supports; T, thermometer. At each of the, points H and K the 
blood is collected from four tubes into one, bending around to the back, 
and there redividing into four return flow tubes. Arrows show the direc- 
tion of flow. 





Fig. 2. A, blood inlet; B, outlet; F, inlet for saline solution; F', out- 
let for same. The connections for the blood streiCm by the tube E and for 
saline solution at L, L' are made by rubber tubing. 
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of the dialysate obtained. When not in use the vividiffusion apparatus 
was kept filled with saturated solution of thymol in distilled water to 
preserve as nearly a., possible aseptic conditions in the eelloidin tubes. 
Before use the apparatus was thoroughly rinsed with 0.65 per eent sterile 
saline at 40° and completely filled. The preparation and use of the hirudin 
solution were according to the directions given in the reference already 
cited. 

Experiment I. The results show the formation of ammonia in shed 
blood. A specimen of dog blood was drawn with aseptic precau- 
tions into a flask containing dry sodium oxalate, and portions of 
it were analyzed for ammonia at once and others after standing 
on ice for twenty-four hours with chloroform and toluene. The 
aeration was carried out at room temperature. A bacteriological 
examination of tlie blood which had stood twenty-four hours 
was made and gave negative cultures. 

TIME NHj N PER 100 CC. OF BLOOD 

mg. 

0 hrs. -f 3 hrs. aeration 0.72 

24 hrs. H- 3 hrs. aeration 1 .78 

Experiment II. The results show the formation of ammonia 
in shed blood. A specimen of dog blood was drawn under 
aseptic conditions and treated as in the previous experiment. 
In addition, however, the aeration apparatus was previously 
sterilized and the cylinders were kept in ice during the process 
of aeration, 

time nhj n per 100 CC. or blood 

9 mg. 

0 hrs. 4- 3 hrs. aeration 0 28 

24 hrs. + 3 hrs. aeration 0.44 

Experiment III. The residts show that no anunonia is formed 
from the diffusible constituents of the blood. A well nourished dog 
weighing 15 kilos was anesthetized with ether and the vivi- 
diffusion apparatus attached under aseptic precautions to the 
right femoral artery and to the left femoral vein. 130 cc. of 
hirudin solution were allowed to mi.x slowly with the blood through 
the arterial cannula. Dialysis was carried on for three hours 
with stirrinn- of the dialysate. Duplicate portions of the dialy- 
sate were immediately aerated. The remainder of the material 


/ 
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was preserved mth chloroform and toluene in sterilized flasks 
on ice until aerated. 


time nh, n per 100 cc. or diaetsate 

mg. 

0 hrs. + 3 hrs. aeration 0.17 

24 hrs. + 3 hrs. aeration 0.18 

Experiment IV. The results show that no ammonia is formed 
from the diffusible constituents of the blood. A weU nourished 
dog weighing 12 kilos was given intraperitoneally 3.6 grams 
of chloretone ground up in olive oil, and ether was administered 
while the left femoral vein and right femoral artery were exposed 
imder aseptic precautions and fitted with the venous and the 
arterial cannulae. 100 cc. of hirudin solution were used. Dialy- 
sis took place for three hours with stirring of the outer fluid. 


TIME 

NHj N PER 100 cc. ( 


mg. 

0 hrs. + 3 hrs. aeration 

0.18 

64 hrs. -h 3 hrs. aeration 

0.18 

107 hrs. -h 3 hrs. aeration 

0.18 


Experiment V. The results show: (7) an equilibrium between 
the ammonia of the circulating blood and dialysate; and {2) the forma- 
tion of ammonia in shed blood on standing, as compared to the ab- ' 
sence of this formation in the dialysate. A well nourished dog weigh- 
ing 14 kilos was given 3.5 grams of chloretone by stomach tube one 
hour before the operation. The apparatus was attached to the 
right femoral artery and to the left femoral vein under aseptic 
precautions. 200 cc. of hirudin solution were given. Dialysis 
took place for seven hours. 


Determinations on 10 cc. of material by the microchemical method. 


TIME or DIALYSIS 


hrs. 

21 

51 

7 

.\t close of experiment 


DIAITSATE 

KHi N PER 100 CC. OF IIATEHIAE 


mg. 

0.33 

0.27 

0.29 

BLOOD 

0.30 mg. 
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Determinaiions on 50 cc. of material by the macro method. 

TIME AFTER DIALYSIS DIALYSATE 

NHa N PER 100 CC. OF MATERIAL 
36 Iirs. + 3 hrs. aeration 0.28 mg. 

BLOOD 

NHj N PER 100 cc. OF MATERI.AL 
36 hrs. + 3 hrs. aeration 0.63 mg. 


SUMafARY. 

It has been shown, in agreement with the findings of Medwedciv, 
that in blood taken aseptically and kept under aseptic condi- 
tions there is a liberation of ammonia. In a dialysate obtained 
from circulating blood by the vividiffusion method there is no 
liberation of ammonia comparable to that which takes place under 
aseptic conditions in shed blood. The ammonia content of the 
dialysate when equilibrium with the blood is reached equals that 
of the sample of the circulating blood. The source of the slowly 
liberated ammonia is to be sought in the non-dialyzablc con- 
stituents of the blood. 
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The elimination of hippuric acid after the administration of 
sodium benzoate has been the subject of mant’- investigations, 
and considerable information of value has been obtained. In 
recent years, attention has been directed to the process of forma- 
tion of hippuric acid in the bod5', chiefly because it vas hoped 
that it might be possible to throw some light on certain phases 
of the intermediaiy protein catabolism. 

The appearance in the urine of large amounts of gl3'cocoll 
conjugated with benzoic acid suggests at least two possibilities. 
First, that gli-^cocoll is the product into which most of the amino- 
acids are converted, prior to being excreted as urea and ammonia. 
Secondl3’^, that gl3’'cocoll is produced S3mtheticall3’' dui'ing a special 
process of detoxication of benzoic acid. 

The solution of these problems was attempted b}’ many, but satisfactory 
proof in favor of one or the other theory is still to be estabb'shed. From 
the literature on this subject we see that in general two methods of investi- 
gation were employed. By the first, the amount of glycocoll excreted 
in the urine was estimated on the basis of hippuric acid elimination. The 
glycocoll nitrogen thus obtained was compared with the total nitrogen, 
urea, and other end-products of metabolism. This procedure, for instance, 
was taken by Wiechowski,* Parker and Lusk,= Ringer,’ iMcCollum and 
Hoagland,* Lewis,’ and others. By the second, large amounts of various 

‘ \V. Wiechowski: Bcitr. z. chem. Phys. u. Path., vii, p. 204, 1906. 

’ W. H. Parker and G. Lusk; Am. Jour. Physiol., iii, p. 472, 1900. 

’ A. I. Ringer: ibid., x, p. 327, 1911-12. 

*E. V. McCollum and D. R. Hoagland: this Journal, x\-i, p. 321, 1913. 

’ H. B. Lewis; ibid., xr'ii, p. 503, 1914. 
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amino-acids or other nitrogenous substances were introduced into the 
animal body, and their influence on the extent of hippuric acid synthesis 
was observed, determining the relationship between free and conjugated 
benzoic acid. This procedure was followed by ^Viener,« Epstein and 
Bookman,? Abderhalden,® Kingsbury and Bell,® and others. It is appar- 
ent, however, that for both methods we must have data showing the re- 
lationship between free and conjugated benzoic acid. A review of the 
literature reveals that there are insufficient data on this point. 

Some investigators, assuming that the synthesis of hippuric acid 
is complete, calculate the amount of glycocoll eliminated in the 
urine on the basis of total benzoic acid found. This assumption 
may, however, be erroneous, since total benzoic acid represents 
not only hippuric acid, but also sometimes considerable amounts 
of non-con jugated benzoic acid. On the other hand, we sec 
many instances in which large amounts of free benzoic acid were 
reported, which seem to us too high, for the following reason. 
It has long been known that hippuric acid in the urine easily 
decomposes into benzoic acid and glycocoll, but this fact was 
not appreciated enough, and proper precautions for the preserva- 
tion of the urine were not taken. We therefore thought it of 
interest to investigate to what extent free benzoic acid makes 
its appearance in the urine after feeding various amounts of so- 
dium benzoate, taking all precautions to prevent the decomposi- 
tion of conjugated benzoic acid. 

Schmiedeberg*® isolated from animal organs a ferment which possessed 
the power of splitting hippuric acid. He called this ferment ‘‘histozyme.” 
Especially rich in this ferment are the tissues of the pig. The liver and 
kidneys of the dog also showed considerable ability to decompose hippuric 
acid. 

Minkowski” corroborated Schmiedeberg's findings, but failed to find 
any splitting ferment in the organs of the rabbit. Hippuric acid intro- 
duced into the system of this animal remained unchanged. No trace of 
benzoic acid could be found in the blood or in the organs of the animal. 


® H. Wiener: Arch. /. exper. Path. u. Pharmakol., ,\1, p. 313, 1897-flS. 

7 Epstein and S. Bookman: this Journal) xx, p. 353, 1911—12. 

8E. Abderhalden and H. Strauss: Zlschr. f. physiol. Chern., xci, p. 
81 1914. 

®F B Kingsbury and E. T. Bell: this Journal, xx, p. /3, 191o. 

>0 o’. Schmiedeberg: Arch. f. exper. Path. u. Pharmakol., xiv, p. 379, ISSl. 
” 0. Minkowski: ibid., xvii, p. 445, 1883. 
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An interesting work, published in 1SS3 by van de Velde and Stok\is,| 
contradicted the results obtained by Schmiedeberg, and Minkowski. 
Several dogs, kept on a meat and bread diet, were given per os and sub- 
cutaneously’’ from 2.5 to o gm. of hippuric acid. The animals ■were cathe- 
terized frequently during twenty-four hour periods, care being taken to 
preserve the urine. No traces of benzoic acid were found, hippuric acid 
being completely eliminated unchanged in the first twenty-four hours. 
It appears that dogs on a protein-rich food, giving rise to an acid urine, 
do not split hippuric acid. The results obtained with rabbits were some- 
what different, since it was not alwaj’s possible to secure an acid urine. 
Rabbits fed on vegetables secreted alkaline urine, and showed marked 
decomposition of hippuric acid, the amount of free benzoic acid being, 
in some cases, greater than hippuric acid. On a milk and gelatin diet, 
the urine was slightly acid, and the splitting of hippuric acid comparatively 
small. Benzoic acid was entirely absent in urines of starving rabbits 
to which hippuric acid was administered, the urines being acid. The 
authors reached the conclusion that the animal body apparently has no 
power of splitting hippuric acid. The appearance of free benzoic acid 
in the urine after the administration of hippuric acid, they explained was 
due to the activity of a certain ferment which develops its full power in 
an alkaline urine — as well in the bladder as outside the animal body. 

Wiener* preserved the urine with formaldehyde, claiming that this pre- 
vented the decomposition of hippuric acid. He gave large amounts of ben- 
zoic acid per os to rabbits— in two cases about 1 gm. per kilo, and in three 
other cases as much as 1 .5 gm. per kilo. The amounts of benzoic acid as 
hippuric acid were respectively as follows; 83.5, 83.8, 65.6, 65.6, 80.5 per 
cent. 

Wiechowski’s’ findings regarding the extent of hippuric acid synthesis 
are of interest. He thinks that the decomposition of hippuric acid, both 
in and outside of the body, occurs only when the urine is alkaline, and is 
caused either by the activity of a ferment or of certain bacteria; hence 
care must he taken to prevent the excretion of an alkaline urine. For 
this purpose, he fed rabbits on oats; as a result, the urine was slightly 
acid. On the basis of a critical review of the experiments of others and 
also his own, he concludes that the synthesis of hippuric acidinthe animal 
body is not quantitative. In Table XXI of his work, VViechowski reports 
an experiment in which he gave a rabbit weighing 2360 gm., 1.78 gm. of 
benzoic acid subcutaneously. The animal excreted 0.300 gm. of free 
benzoic acid and 0.850 gm. of, conjugated benzoic acid, a comparatively 
small dose, 0.75 gm. per kilo, resulting in the excretion of as much as 26.2 
per cent of free benzoic acid. Further, the simultaneous administration 
of glycocoll and benzoic acid to the same animal leads to no decrease in 
the amount of free benzoic acid excreted. In a discussion of the question 
as to the magnitude of hippuric acid formation in the animal body, Wie- 
chowski states that the synthesis bears no relationship either to the weight 

.A. van de Velde and B. J. Stokvis; ibid., xvii, p. 189, 1883. 
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of the animal, or to the amount of protein catabolized. He concludes 
that it depends largely upon the individual power of synthesis, and also 
upon the size of the dose administered; one large dose, given in fractions 
during many hours, causes less non-conjugated benzoic acid to appear 
in the urine, than when the same dose is introduced at once. 

Considerable light was thrown by Seo'* on the cause of the rapid decom- 
position of hippuric acid in urines. He shows that this is accomplished, 
not by a ferment, but by bacteria already present in the urine before it 
leaves the bladder. Staphylococcus albns and Staphylococcus aureus arc, 
according to Seo, responsible for the decomposition of hippuric acid in 
urine. Streptococci possess the same power, but not coli and other bac- 
teria. 

Methods. 

With the object of testing the stability of hippuric acid, wc 
allowed different samples of urine to stand twenty-four or more 
hours at ordinary and at low ternperature, with the addition of 
acid and without. An examination of the figures in Table V 
shows that the decomposition of hippuric acid in an alkaline 
urine at room temperature is very large. The amount of free 
benzoic acid is increased from two to five times in forty-eight 
hours. The same takes place in a urine slightly acid to litmus, 
obtained from animals kept on a milk and egg diet.’^ Tlio 
splitting of hippuric acid is considerable too, when the urine is 
kept in the refrigerator. It is, however, perfectly safe to colled 
the urine in a bottle charged with 10 cc. of about 2 per cent nitric 
acid; as our figures in Table V demonstrate. 

Having in mind the possibility of the splitting of hippuric 
acid while the urine is being collected, we catheterized the animals 
twice a day, and so regulated their liquid intake, that no urine 
was voided in the cage. In some of the experiments, however, 
where the animals did void urine, it was collected in acid, ns 
described. The urine was analyzed immediately after catheteriza- 
tion. Our figures represent, therefore, the amount of free ben- 
zoic acid actually eliminated by the animal. Male rabbits 
only were used in this Avork. They wore fed cither on cabbage 

Sco; ibid., Iviii, p. 75, 190S. 

X It would appear then, that Wicchowski's assumption, that there is 
no decomposition of hippuric acid in urines of rabbits fed on oat.s, is un- 
tenable; Bincc such urines arc even less acid than tlic kind secured by 
feeding milk and egg. 
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or carrots, or a mixture of milk and egg,»^ given by stomach 
tube. The latter food was tolerated by all animals; they main- 
tained their weight and appeared to be in good health. Benzoic 
acid*® was analyzed according to the method described by us;*^ 
hippuric acid was determined bj”- the method of Folin and 
Flanders.*® 


EXPEHIMENTAL. 

Rahbii A. (Table I.) The animal, weighing 1810 gm., received the 
first day 1.44 gm. of benzoic acid, 0.79 gm. per kilo, in the form of sodium 
benzoate subcutaneously.” The amount of free benzoic acid excreted 
in the first five hours was larger than for the same number of hours on any 
other day in which a similar dose was given; hippuric acid synthesis repre- 
sented 89 per cent of the total benzoic acid excreted. In the next eighteen 
hours, only 15 mg. of free benzoic acid appeared in the urine, and the 
synthesis was as high as 97.4 per cent. The same dose of benzoic acid was 
administered the second day; non-conjugated benzoic acid excretion in 
the first six hours was considerably smaller, less than half of what was found 
on the first day. On the third and fourth days, the same dose was given, 
but the animal was on a high protein diet of milk and egg, instead of vege- 
tables. The urine is acid to litmus and a diminution of free benzoic acid 
is noted, due to this special diet. The eighteen hour period of the fourth 
day is marked by the absence of free benzoic acid. The synthesis of hip- 
puric acid on these days was practically complete, reaching 98.3 per cent. 
On the fifth day, the dose of benzoic acid was increased to 1.3 gm. per 
kilo, but the synthesis was as good as when the animal received only 0.88 
gm. per kilo; this was due to the high protein diet. The animal was allowed 
to rest for two days, being fed on vegetables. On the eighth and ninth 
days the same moderate dose was given as on the first four days. The 
amount of free benzoic acid was almost the same as on the second day, 
the synthesis being a little over 96 per cent. On the tenth day, a larger 
dose of benzoic acid was given, 1.37 gm, per kilo, and the synthesis of hip- 
puric acid was again high — 96.6 per cent, AVe note generally abetter ability 
to synthesize, even on a vegetable diet, as the experiment proceeds- On 
the eleventh day, the rabbit received a very large dose of benzoic acid,1.66 


” The mixture was prepared by beating up one egg in 200 cc. of milk, 
and adding 20 gm. of cane sugar. Of this mixture, 100 cc. were given 
each day in two equal portions. 

” Amounts of benzoic acid less than 0.020 gm,, which we found and 
recorded, are not claimed to be absolute, having onlj' a relative significance. 

” G. AV. Raiziss and H. Dubin: this Journal, .xx, p. 125, 1915. 

“O. Folin and F. F. Flanders: ibid, xi, p. 257, 1912. 

” The method of administering benzoic acid, whether subcutaneously 
or per os, had no bearing on the results obtained. 
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Rabbit A. 
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gm. per Jdlo, which is almost the lethal dose.-” The condition of the animal 
changed, showing the effects of benzoic acid intoxication. We see here 
also a decrease in the sjmtbetic power; in the first six hours it fell to 77 per 
cent, rising in the ne.xt eighteen hours to 91.6 per cent; the average for the 
day was S2.6 per cent. Administration of another large dose on the fol- 
lowing day proved fatal, though a six hour period was obtained. In this 
period, the sj-nthesis was 77 per cent. We note that even when the animal 
was given a fatal dose the sj-nthesis was high. 

T.tBLE n. 

Rabbit B. 
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• No determinations made. 


Rabbit B. (Table II.) This animal was kept for a few days before 
and during the entire experiment on a milk and egg diet. Moderate 
amounts of benzoic acid, from 0.8 to 0.9 gm. per kilo, were given per os 
and subcutaneously. The rabbit did not tolerate benzoic acid well and 
suffered from diarrhea. No estimations of free benzoic acid were made 
for the six hour periods of the first two days, because the urine was contam- 
inated by feces, and under these conditions the results would have been 
high. In the next periods this was avoided by regulating the liquid intake, 

Wiener found the lethal dose to be 1.7 gm. per kilo. 
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so that the rabbit did not void any urine, it being collected by catheter. 
It may be seen from Table II that in all cases only traces of free ben- 
zoic acid were found in the urine. The S 5 'nthesis of hippuric acid was 
practically quantitative. These results fully corroborate those found in 
the previous experiments; namelj', that the administration of moderate 
amounts of benzoic acid results in a quantitative sjmthcsis. 

Rabbit C. (Table III.) The object of this e.xperiment was to study 
the synthesis of hippuric acid on the administration of ver}' large amounts 
of benzoic acid. The animal showed considerable tolerance for the acid, 
signs of intoxication appearing only when nearly fatal doses were given. 
On the first day 0.8S gm. of benzoic acid per kilo was administered, the 
rabbit being fed on carrots. The s}mthcsis was, as in our previous experi- 
ments, almost complete, reaching 95.0 per cent. With an increased dose 
of benzoic acid, 1.02 gm. per kilo, on the following day, the S5'nthcsis 
dropped in the first six hours to 87.6 per cent, rising to a higher level, 9G.4 
per cent in the next eighteen hours. On the third day a still higher dose 
was given, 1.28 gm. per kilo, causing the sjmthcsis to drop to 87.7 per cent 
as an average for the day. The dose was increased on the fourth day to 
1.53 gm. per kilo, almost a fatal dose. The rabbit, however, remained 
in comparatively good condition. The sjmthcsia in the first six hours 
was 82.2 per cent; in the next eighteen hours, 51.8 per cent. The latter 
figure was the lowest obtained in our experiments and can hardl}' be brought 
into accord with other data, since we usually have had lower synthesis 
during the first six hours, and higher in the subsequent eighteen hour 
period; in this one case the results arc reversed. To be sure that the 
discrepancy was not due perhaps to some error in the analj^sis, it was re- 
peated, with the same result. 

In the following days our intention was to study the influence of a high 
protein intake on the synthesis of hippuric acid. On the fifth day the 
rabbit received no benzoic acid, his food being changed to a milk and’ egg 
rdgime. On subsequent days very large doses of benzoic acid were given 
and, due to the protein food, a markedly high synthesis resulted. In the 
six hour periods wc see that the synthesis is 96 to 97 per cent, while the eight- 
een hour periods are characterized in two cases by a complete synthe.sis, 
no free benzoic acid being found. Special attention was directed to the 
eighth day, on which 1.6 gm. of benzoic acid per kilo, nearly a fatal dose, 
were given, the animal showing signs of severe intoxication. The sj’nthcsis 
on this day, however, was almost quantitative, reaching 95.8 per cent. 
From here on till the twenty-third day the animal was fed on vegetables, 
no benzoic acid being given. The same is true of the twenty-fourth, twen- 
tj'-fifth, and twenty-seventh days. On the twenty-third, twenty-sixth, 
and twenty-eighth days, the animal received largo doses of benzoic acid. 
As in the previous e.xperiments, this animal also acquired a greater power 
of sjmthcsis, showing 92.3 per cent as an average for the twenty-eighth 
day, against 69.3 per cent for the fourth day; in both cases the same amount 
of benzoic acid was administered and the same diet given. 
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TABLE m. 

Rabhil C. 



I hrs. gm, gm. | | grt, , 

6 0.045 0.806, 0.761 94.6 ' j 

1 IS 0.023; 0.542, 0.519 96.8 i 1660 , 

{Total 0.0681 1.34S 1.280, 95.0 

i 6 I O.lOo' 0.833 0.728* 87. G 

i 18 i 0.028, 0.768 0.740{ 96.4 1660 

;Total; 0.133 1.601 1.468 91.7 



I 

} 

1.44 1 0.88 Carrots, 
per os I 

1.69 1.02 ] Carrots. 

per os r j 


3‘ 6 O.I24I 1.030{ 0.906 88.0 

1, 18 0.105’ 0.810, 0.70o 86.8 1660 2.12 | 1.28 ' Carrots, 

j Total 0.229 1.840, 1.611 87.7 per os j 


4 6 0.226', *1.260 1.034 82.0 1 

! 18 0.452 0.939 0.487 51.8 1660 2.54 1 .53 ; Carrots. 

; Total 0.678 2,199 1.521 69,3 per os 1 


6 6 0.045 1.204 1.159 96.2 i | 

I 18 0.023 0,820 0.797 97.2.1690 2.12 | 1 ,25 I Milk and egg. 

'Total 0.068 2.024; 1.956 96.8 per os 1 | 
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Synthesis of Hippuric Acid 


RahMt D. (Table IV.) This experiment corroborates our previous 
finding; namely, that the synthesis of the first day is smaller than that of 
the subsequent days. In the first day, the S 3 'nthesis was 77.3 per cent, 
against 84.8 per cent for the fourth da 3 \ IMilk and egg diet, as previously 
shown, brings about also in this case a considerably higher S3mthesis, 93.2 
per cent. Altogether this animal exhibited a somewhat smaller power 
of hippuric acid synthesis than that shown b 3 ' other rabbits with which 
we worked. 


TABLE IV. 
Rabbit D. 


Q 

PERIOD 

FREE BENZOIC 
ACID EXCRETED 
IN URINE 

TOTAL BENZOIC 
ACID EXCRETED 
IN URINE 

BENZOIC ACID 
AS 

HIPPURIC ACID 

O 

u 

B BNZOIC ACID 
GIVEN 

DOSE PER KILO 

DIET 

Gm. 

Per 
cent of 
total 


hrs. 

gm. 

gm. 


■1 

gm. 

gm. 



1 

6 


■IMifij 








18 



1.228 

is 

2200 

2.54 




Total 


2.128 

1.646 



per OS 



3 

24 

0.355 


1.745 

83.2 

2250 

2.54 

1.13 

Milk and egg. 








per os 



6 

6 




87.8 






18 


1.325 

1.272 

96.0 

2090 





Total 



1.889 

93.2 





8 

6 

0.228 

0.693 








18 

0.076 

1.318 




2.54 

1.27 

Cabbage. 


Total 

0.304 

2.011 


84.8 


per os 




DISCUSSION. 

Experiments performed on four animals indicate clearly that 
normal rabbits have a strong tendency to eliminate benzoic 
acid totally as hippuric acid. On an ordinary vegetable diet, 
when moderate doses are given, not exceeding 1 gram per kilo, 
the synthesis is almost quantitative, 95 to 98 per cent. Such 
results, however, can be obtained only ivhcn particular care is 
given to the collection of urine, avoiding gny splitting of hippuric 
acid. In this respect the results of our work differ from those of 
others. They contradict, for example, the statement made by 
Wiechowski* that the synthesis of hippuric acid is not quantila- 
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tive even on small doses of benzoic acid. In several cases he found 
the sjn thesis to be from 75 to 80 per cent on doses of 0.8 of a gram 
per kilo. Our results are entirely different from those obtained 
recentlj’- by Kingsbury and Bell.® The srathesis in some of their 
normal rabbits is as low as 28.6 and 32.9 per cent, v’hile the total 
dose given was only 0.63 gram. Our findings are in accord with 
Dakin’s,®^ in which he shows a practicaUj^ complete S 3 mthesis 
of bippuric acid, on administering benzoic acid to men in doses 
of 5 to 10 grams per day. Our figures also support the assump- 
tion of some workers, that the elimination of free benzoic acid 


TABLE V. 


Si 

£ S 
< 

os® 

5S£ 

g p < 
c 

O 

2 

2 

■< 

R 

S 

f* 

< 

£ a 

OCI 

< 

OH® 

S2S 

KcS 

c 

oo - 
« £ 

&. o s 

Q2< 
0-0 
< 6- = 
0^2 

B 

UODC OP PRESERrA- 

nos or tmiKE 

REACnOJT or 
trRJSE TO 
wnnrs 

DIET 

ijtn. 

hrs. 

ffm. 

cm. 






0.015 

24 

0.116 0.101 




Milk and egg. 

None 

48 

0.090 

0.090 


, 



Milk and egg. 

0.089 

48 

0.187 

0.098 

Kept in refrig- 




Cabbage. 

0.022 

48 

0.105| 0.083 

erator 





0.030 

48 

0.121 0.091 





Carrots. 

None 

48 

0.090 

0.090 






0.105 

24 

0.294 

0.189 

j Room tempera- 


Alkaline 



0.286 

24 

0.437 

0.151 

ture 





0.015 

24 

O.OIS 

None 

10 cc. of 2% 




^ Cabbage. 

0.120 

24 

0.120* None! 

nitric acid at 





0.045 

24 

0 .045' None 

room temper- 







1 

t 

ature 



J 



in rabbits is very small, so that the calculation of glycocoll elimi- 
nation may be made on the basis of total benzoic acid eliminated. 
It must be borne in mind, however, that this' is justified only 
when the dose of benzoic acid is moderate. 

As may be seen from the tables, the sjmthesis begins to be in- 
complete as soon as higher doses are administered, but not as 
much so as reported in some investigations. On moderate doses 
the animals showed a uniformlj’- high synthesis, while on larger 
doses individual differences come to light. In all cases we note 

H. D. Dakin: this Journal, vii, p. 103, 1909-10. 
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Synthesis of Hippuric Acid 

a distinct development of the ability to synthesize hippuric acid. 
The first day of feeding was marked, as a rule, by the highest 
elimination of non-con jugated benzoic acid. 

A marked influence on the completeness of sjmthesis was shown 
by the high protein diet. On milk and egg, free benzoic acid, 
even after the administration of very large doses, appears in the 
urine in only minute quantities, being often not present at all. 
On this diet the synthesis reaches its highest mark. 

There are different factors which must be considered in an at- 
tempt to explain the role of protein diet in hippuric acid simthesis. 
It was emphasized in this work how readily hippuric acid is 
split in an alkaline urine at room or bod^’" temperature, or even 
that of the refrigerator. Bj”" precautions already mentioned, we 
did away wdth the possibility of this happening, once the urine 
w'as voided; but we could not, of course, prevent this from 
taking place while the urine was still in the bladder. One of 
the possible caushs of the diminution in the amount of free ben- 
zoic acid excreted on a protein diet is that such diet causes the 
secretion of acid urine, and this acidity prevents the splitting of 
conjugated benzoic acid. 

This possibility, however, does not account for all of the free 
benzoic acid excreted on a vegetable diet; for if this were so, then 
the amount of free benzoic acid in the eighteen hour periods 
should be greater than, or at least equal to, that found in the six 
hour periods. Our figures show the contrary to be true, so that 
another reason must be sought. A tentative e.xplanation is 
the following; When a very large amount of benzoic acid is intro- 
duced in one dose, as we did, the sjmthetic power of the animal 
body is overtaxed, and it takes time until the cells can take 
care of all the benzoic acid. During this time some of it escapes 
uncombined. On a milk and egg diet, w'hich is richer in protein 
than vegetable food, more glycocoll is available at all times, 
hence the ability of the animal to synthesize in the first few hours 
is not overburdened. Undoubtedly there are other causes of 
the appearance of non-con jugated benzoic acid in the urine, but 
the experimental evidence obtained in this work is not sufficient 
to permit of further discussion. 
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SUMJIAEr. 

1. The synthesis of hippuric acid in rabbits is practically quan- 
titative, when no more than 1 gram of benzoic acid per kilo 
is gi'ven. 

2. Administration of larger doses, while the animal is on a 
vegetable diet, causes some of the benzoic acid to appear in the 
urine uncombined, the synthesis ranging from 80 to 90 per cent. 

3. A milk and egg diet exerts a favorable influence on the 
synthesis, making it as high as 96 per cent on doses which are 
nearly fatal. In man}' cases, under such conditions, no free 
benzoic acid whatsoever was found in the urine. 

4. The first day of benzoic acid feeding shows less S 3 Tithesis 
than subsequent days. There is an increase of the ability to 
synthesize after repeated administration of benzoic acid. 

5. The largest amount of non-conjugated benzoic acid appears 
in the urine in the first si.x hours after feeding. 

6. Work in which estimations of non-conjugated benzoic acid 
are involved must be done onty on urines properlj' treated in 
order to avoid splitting of hippuric acid. A convenient and 
reliable method is to collect the urine in a bottle containing dilute 
nitric acid. 




ON THE WALDEN REARRANGEMENT IN THE 
HEXOSES. 


Bt P. a. LETONE aud F. B. la FORGE. 

(From the Laboratories of The Rockefeller Institute for Medical Research.) 

(Received for publication, April 29, 1915.) 

It is known from the work of Fischer and Tiemann that on 
treatment of glucosamine with nitrous acid two acids are formed, 
depending on the mode of procedure. Chitonic acid is formed 
when the amino sugar is deaminized and subsequently oxidized 
with bromine; chitaric acid when, prior to deamination, the 
sugar is converted by means of bromine into glucosaminic acid. 
The two hexonic acids are isomeric and yield on further oxida- 
tion isosaccharic and epi-isosaccharic acids respectively. In 
an earher paper Fischer^ explained this isomerism as due to as 
yet undetermined differences in the configuration; in a more re- 
cent paper® he referred to the formation of the two substances 
as an instance of Walden’s rearrangement, thus inferring that one 
of the acids is derived from glucosamine, the other from mannos- 
amine. This view was based on theoretical considerations and 
lacked experimental support. The missing evidence has re- 
cently been furnished by the observations made on the newly 
discovered amino hexose, chondrosamine.® Two isomeric acids, 
Z-chondrosic (I) and Z-epichondrosic (II), were also obtained 
from this sugar, depending on the order of oxidation and deamin- 
ation. It was further demonstrated that these two acids corre- 
spond to two epimeric sugars; Z-altrosamine and Z-allosamine. 


^E. Fischer and E. An dreae: Rer. d. deutsch. chem. Gesellsch., xxxvi, 
p. 2587, 1903. 

®E. Fischer; Ann. d. Chem., ccclxssi, p. 123, 1911. 

’ P. A. Levene and F. B. La Forge: this Journal, xx, p. 433, 1915. 
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Walden Rearrangement in Hexoses 
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Furthermore, Fischer and his coworkers^ have shown that 
a-amino-acids and their esters, on treatment with nitrous acid, 
do not yield the same but yield stereoisomeric hydroxy acids. 
Similarly the a-amino-tetrahydroxycaproic acids and their esters 
yield two epimeric a-ai-anhydro-tetrahydroxyadipic acids: 


COOC 2 H 5 


(?)NHj 

H 

H 

lOH 

OH 

H 
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OH 

CHjOH 


COOH 
0 IH 
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COOH 
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CHjOH 
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H 
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COOH 
-0 


OH 
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COOH 


Thus convincing evidence was advanced in favor of the assump- 
tion that in either the hydroxy amino-acid or its ester, upon treat- 
ment with nitrous acid, the groups attached to the a-carbon 
atom undergo the Walden rearrangement. The rearrangement 
is brought about undoubtedly by a complex system of reactions. 
Fortunately, in the course of this work it was possible to isolate 
an intermediate substance, the diazo derivative, obtained by the 
action of nitrous acid upon monobenzalglucosaminic ethyl ester. 
On the basis of the work of Curtius^ the substance has the fol- 
lowing structure: 

H= H OH H 

C C C C C COOR 

I I H OH /\ 

0 0 N = N 

\/ 

CH 

1 

CtHs 


♦Fischer: Ann. d. Chem., ccclxxxi, p. 123, 1911; ccclxxxvi, p. 374, 1912. 
^ T. Curtius: Jour. f. prakt. Chem., xxxix, p. 107, 1&S9. 
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In this phase of the reaction the a-carhon atom loses its asym- 
metric character. In the transformation of a diazo acid into a 
hj^droxj^ acid the formation of an equal mixture of the two 
epimeric forms is to be expected. This does not happen. Onlj' 
one acid is formed. Fischer,® Werner," and NeP have offered 
theories in order to explain similar phenomena. Nef accepted 
a rigid difference in the four valencies of the carbon atom and 
expressed it in the following wa}'-: 


N+ R 

»Y 

/\ 


N- 


N- R 

,,Y 

/\ 


COOH N4- COOR 




Fischer and Werner assumed that in everj’’ reaction of sub- 
stitution the place of the entering group is determined not by the 
position of the group being replaced, but by the nature of the 
remaining three groups and of their respective affinities. 

The hypothesis of Nef does not provide an explanation of the 
phenomenon of the Walden rearrangement, and those of Fischer 
and of Werner assume that the asjTnmetric carbon retains its 
asymmetric nature through all phases of the reaction. 

It seemed to us possible that the intermediate reactions which 
lead to Walden’s rearrangement are not identical in everj' instance. 
The hypotheses of Fischer and of Werner may be aU sufficient 
for the understanding of the mechanism of the transformation 
of a halogen acid into a hj’-droxj^ acid. The transformation of 
an amino-acid into a hydroxy acid, or of an amino-acid into a 
halogen acid, on the other hand, may proceed in a different man- 
ner. For the interpretation of the reactions of the second tj^pe 
one may assume that the formation of the diaxo derivative is 
followed by another intermedian' phase in which one of the 
nitrogen atoms becomes detached from the carbon atom, while 
the other still remains united with it. The nitrogen atom to 
be detached first is determined bj* the nature of the other groups 
in combination with the as3’mmetric carbon atom. For instance. 


‘ Fischer: Ann. d. Chem., cccteod, p. 123, 1911; ccclxsxvi, p. 374, 1912. 
■'A. Werner: Ber. d. deutsch. chem. Gesellsch., xliv, p. S73, 1911. 

• J. U. Nef: Jour. Am. Chem. Soc., xxx, p. 645, 190S. 



348 


Walden Rearrangement in Hexoses 


one may accept the intermediary formation of the following 
two structures: 


R COOH 

\/" 

C N 

/\^ 

H N 

\ 

OH 


or 


OH 


R COOR 

\/ 

N C 

\/\ 

N H 
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This possibility is supported by the fact that aliphatic dinzo 
acids are readily reduced to amino-acids. Attempts are now in 
progress to repeat the reduction experiments of Curtius on the 
diazo hexosaminic acids. 

In principle the hypothesis advanced here does not differ from 
that of Fischer. Both admit the existence of the universally 
accepted form of static asymmetry of the carbon atom; both 
also admit the possibility that in certain conditions the formation 
of the latter form is preceded by a phase in which the asymmetry 
is expressed only in an uneven distribution of forces between 
the four valencies, and that the uneven distilbution of energy 
is determined by the character of the groups attached to the 
carbon atom. 


EXPERIMENTAL. 

Monobenzalghicosaminic add ethyl ester hydrochloride. 

2.2 grams of finely powdered glucosaminic acid were suspended 
in 15 cc. of 99.7 per cent ethyl alcohol, 3 cc. of pure benzaldehyde 
added, and dry hydrochloric acid passed in without cooling for 
five minutes. After standing a short time the contents of the 
beaker had become filled with a mass of crystals. An equal 
volume of drj'’ ether was stirred in and the product allow'cd to 
stand for a few hours at a low' temperature. The crystals w'orc 
then filtered off, washed with dry ether, and dried in a desiccator 
over potassium hydroxide. The yield was 2.G5 grams. Experi- 
ence showed that it w'as not advantageous to use more than 3 
grams of glucosaminic acid for the experiment. For analysis 
the thoroughly dried substance w'as rcciystallizcd from absolute 
alcohol. It crystallizes in long coIorle.ss needles which melt at 
167—8° (uncorrected) with strong gas ev'olution. 
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0.15S3 gm. of substance gave 5.63 cc. N”, at 22®, 764 mm. 

0.1108 gm. of substance gave 0.2090 gm. CO 2 and 0.0637 gm. HjO. 

Calculated for 
CisHjiOjNCIj Found j 


N 4.04 4.04 

C 51.80 51.50 

H 6.34 6.39 


Diazobenzalghicosaminic add ethyl ester. 

15 grams of benzalester hydrochloride, which had been com- 
pletely freed from hydrochloric acid by keeping in a desiccator 
over potassium hydroxide, were dissolved in 400 cc. of water, 
the solution was cooled to 0°, and 5 grams (about 1.5 mols.) 
of sodium nitrite were added. After the sodium nitrite had 
dissolved about 2 cc. of 50 per cent acetic acid were added. Al- 
most immediately separation of a nearly insoluble substance be- 
gan and nithin a few minutes the whole volume of the solution 
was filled with a slightly yellondsh, semi-crj^stalline material. 
No appreciable gas evolution took place during the process. The 
product was filtered off with suction and washed with water until 
free from inorganic salts. When dried it appears as a light yel- 
low powder easily soluble in alcohol, ether, and most organic 
solvents. It is insoluble in water; it reacts with aqueous mineral 
acids, and with bromine and iodine with strong gas evolution. 

0.1828 gm. of substance gave 14 cc. N, at 22°, 763 mm. (Dumas). 

Calculated for 
CifHigOgNt: FoundJ 

N 8.69 8.66 

In drj^ ethereal solution the product is decolorized bj’- addition 
of a diy ethereal solution of hydrochloric or hydrobromic acid 
with vigorous evolution of nitrogen. The resulting solution 
probably contains as the reaction product the benzal compound 
of gluconic or mannonic acid ester in which the hydroxyl group 
on the a-carbon atom is substituted with chlorine or bromine. 
Upon concentration of the ethereal solution some benzaldeh 3 ’^de 
is cleaved off; complete elimination of the benzal group is ac- 
complished by short warming on the water bath of the aqueous 
solution which contains a slight excess of hydrobromic acid. Ben- 
zaldehyde and benzoic acid were removed from the aqueous 
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solution by shaking with ether, and the free bromine was removed 
by shaldng with silver carbonate. The silver was removed from 
the filtrate with hydrogen sulphide and the solution concen- 
trated in vacuum. The resulting product was a light colored 
sja-up of strong acid properties containing fixed bromine which 
may be removed by heating with potassium hydroxide or silver 
oxide in aqueous solution. The substance has not yet been ob- 
tained in crystalline form. 



XYLOHEXOSAMINIC ACID, ITS DERIVATIVES AND THEIR 
BEARING ON THE CONFIGURATION OF ISOSAC- 
CHARIC AND EPI-ISOSACCHARIC ACIDS. 

Bt P, a. LETONE and F. B. la FORGE. 

(.From the Laboratories of The Rockefeller Institute for Medical Research.) 
(Received for publication, April 29, 1915.) 


The work on chondroitin sulphuric acid^ is a convincing illus- 
tration of the significance of the hexosaminic acids and of the a-ai- 
anhydro-tetrahydroxyadipic acids for the progress of our knowledge 
of hexosamines. Every discovery of a new hexosamine will 
call for information on the properties and on the physical con- 
stants of the acids of these two series. The part to be played 
b}’- these acids in the development of the chemistry of hexosam- 
ines is analogous to that played by the straight hexonic and 
by the tetrahydroxyadipic acids in that of the hexoses. 

These considerations inspired the present work on the prepara- 
tion of the missing hexosaminic acids and of the corresponding 
anhydro-tetrahydroxyadipic acids. The present communication 
deals with the derivatives of xylose. It was hoped through 
the study of its derivatives to complete our information con- 
cerning the details of the configuration of isosaccharic and of 
epi-isosaccharic acids. 

The cyanhydrin synthesis leads from xylose to two epimeric 
acids: idonic (II) and gulonic (III). In an analogous man- 
ner the addition of hydrocyanic acid to xylosimine should lead 
to two hexosaminic acids: idosaminic (IV) and gulosaminic (V). 
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' P. A. Levene and F, B. La Forge; this Journal, xx, p. 433, 1915. 
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Xylohexosaminic Acid 


In reality the formation of one of the two acids predominates 
to such an extent that only one can be isolated from the reaction 
product. .It is not possible at the present state of knowledge 
to be certain whether the predominating substance is (IV) or (V). 

When this acid is deaminized with nitrous acid and is then 
further oxidized by means of nitric acid it gives rise to an a-ai- 
anhydro-tetrahydroxyadipic acid. The configuration of this is 
easily ascertained. Gulosaminic acid, as seen from the graphic 
formula (V), gives rise to a-aj-anhydro-saccharic acid (VI), 
while idosaminic acid (IV) under the same conditions forms 
a-ai-anhydro-idosaccharic acid (VII). The first should be 
identical with the a-ai-anhydro-saccharic acid corresponding 
to glucosaminic acid (VIII). In other words, of the four a-aj- 
anhydro acids of the saccharic acid series which are obtainable 
from xylohexosamine and arabohexosamine the two identical 
in properties correspond to glucosamine and gulosamine. 
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a-CKi-Anhydro- 

saccharic. 

a-QTi-Anhydro- 

idosaccharic. 

a-ai-.^nhydro- 

saccharic. 

a-ori-Anhydro- 

mannosaccliaric. 


The anhydro acid obtained from X3dohexosaminic acid differs 
in its rotation, its melting point, and in the properties of its acid 
potassium salt either from isosaccharic or from epi-isosaccharic 
acids, hence it has the configuration of a-ai-anhydro-idosaccharic 
acid (VII). 

However, the knowledge of the configuration of an anhydro- 
tetrahydroxyadipic acid does not carr^'- with it information on 
the relative position of the amino group in the parent amino-acid, 
so long as it is known that a-amino-acids in the process of deami- 
nation may undergo the Walden rearrangement. 

The anhydro-tetrahydroxyadipic acid corresponding to the 
epiraeric xylohexosamine was prepared principally for its bear- 
ing on the configuration of isosaccharic and epi-isosaccharic 
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acids. In a previous communication we pointed out that the 
present state of information did not permit a decision as to which 
one of the two was the anhydro-saccharic acid. The conclusion, 
however, would become obvious after the anhydro-tetrahydroxy- 
adipic acid corresponding to gulosamine was obtained. 

The problem was therefore reduced to the preparation of the 
epimer of anhydro-idosaccharic acid. 

The anh 3 '’dro-tetrah 3 'drox 3 ’^adipic acid obtained from glucosam- 
ine (for the present it would be more fitting to refer to it as 
arabohexosamine) is epimeric with the one obtained from gluco- 
saminic acid, and that obtained from chondrosamine is epimeric 
with the one obtained from chondrosaminic acid. The same 
method surely might have been applied successfully to xylohe.xos- 
amine. However, it was thought that the substance could be 
obtained in a simpler manner. Fischer and his coworkers have 
shown that amino-acids and their esters do not yield on treat- 
ment with nitrous acid the same hydroxy acid, but jdeld two stereo- 
isomers. It was, therefore, thought that the same method might 
be applicable to hydroxy amino-acids. In the special instance 
of xylohexosaminic acid the lactone was employed instead of 
the ester, since it offered some advantages from the standpoint 
of preparation. As was to be expected, in place of anhydro- 
idosaccharic (VII), the epimeric acid (IT) was obtained. The 
optical rotation, melting point, and the properties of the acid 
potassium salt were identical with those of epi-isosaccharic acid. 

For simplicity of discussion the xylohexosaminic and the 
corresponding anhydro acids were presented as derived from d-xy- 
lose (Fischer’s nomenclature; according to Rosanoff it should 
be termed 1-xylose). The naturally occurring 1-xylose leads to 
1-gulose, or to 1-gulosamine, which form on oxidation 1-saccharic 
and l-anhydro-saccharic acids respectively. 

It may also be mentioned that the ethyl ester of xjdohexosaminic 
acid was obtained. The substance was isolated and identified 
as the dibenzalxylohexosaminic ester hydrochloride. It was 
originally prepared for the purpose of converting it into anhydro- 
saccharic acid. Since this was obtained from the lactone of the 
hexosaminic acid, further work on the ester was abandoned. 
Work on l 3 Tcose derivatives is now in progress. 
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r]6suai:6. 

1. From xylose, by treatment with ammonia and subsequently 
with hydrocyanic acid, a xylohexosaminic acid was obtained. 

2. On oxidation following deamination this acid yields a-ai-an- 
hydro-idosaccharic acid. 

3. The lactone of the amino-acid under the same treatment 
leads to the a-ai-anhydro-saccharic acid. 

4. Isosaccharic acid has the configuration of a-ai-anhydro- 
mannosaccharic acid, while epi-isosaccharic acid is the a-ai-anhy- 
dro-saccharic acid, and consequently, 

5. Chitose and chitonic acid have the configuration of a-5-an- 
hydro-mannose and of a;-5-anhydro-mannonic acid respectively; 
chitaric acid has that of a-5-anhydro-gluconic acid. 

EXPERIAIENTAL. 

Xylohexosaminic acid. 

75 grams of xylosimine^ were covered with 60 cc. of water, and 
20 cc. of 80 per cent hydrocyanic acid were added. The ralvture 
was warmed for about three-quarters of an hour to 35-40° and 
then allowed to stand at ordinary temperature for about one and 
a half hours, or until the contents of the flask had taken on a 
syrupy consistence and had darkened considerably. It was then 
cooled down in ice water and dissolved in 350 cc. of concen- 
trated hydrochloric acid which had also previously been cooled 
to 0°, and hydrochloric acid gas passed in at room temperature 
until the solution wms saturated. After this it was allowed to 
stand for about twenty hours at room temperature and finally 
warmed for about one and a half hours on the water bath. The 
solution was concentrated in vacuum to a syrup and mi.ved with 
2 liters of absolute alcohol which caused the separation of a large 
part of the ammonium chloride together with a black tarry ma- 
terial. These were filtered off on a folded filter, and the alcoholic 
solution was again concentrated in vacuum to a thick syrup. 
(The solution was of a dark brown color at first, but became nearly 
colorless through the subsequent operations.) The syrup was 

= C. A. Lobry de Brujm and F. H. Van Lccnt: Rcc. d. trav. chirn. d. 
Pays-Bas, xiv, p. 144, 1895. 



P. A. Levene and F. B. La Forge 


355 


dissolved in about 500 cc. of water, and after addition of suffi- 
cient hot concentrated barium hydrate solution to render it 
strongly alkaline, distilled in vacuum until all the ammonia was 
removed. At times it was necessary to dilute the residue with 
water and to repeat the evaporation. The final solution was 
then diluted to about 1 liter with water and the barium removed 
with a slight excess of sulphuric acid. Without filtering from ba- 
rium sulphate, sulphuric and hydrochloric acids were removed 
with lead carbonate, h^ffirogen sulphide was passed through the 
filtrate, which was finally treated with an excess of silver car- 
bonate, filtered, and the excess of silver removed with hydrogen 
sulphide. The filtrate was then concentrated in vacuum to about 
50-60 cc. Out of this solution the he.xosaminic acid crj’-stallizes 
upon slow addition of about an equal volume of methyl alcohol. 
The yield of nearly pure substance was 15 grams. For analysis 
it was purified by solution in about 4 parts of hot water and 
addition of an equal volume of methyl alcohol. It crystallizes 
in large colorless prisms which begin to darken above 190° and 
decompose at about 235° (uncorrected). 


0.1335 gm. of substance gave 16.8 cc. amino N, at 18°, 763 mm. 
0.1214 gm. of substance gave 0.1648 gm. COi and 0.0760 gm. HjO. 


Calculated for 
CeHiiNQi! Found: 


C 36.92 37.01 

H 6. '66 7.00 

N... 7.18 7.26 


The rotation of the substance was as follows: 


after 20 minutes = 


+ 0.82° X 2.1542 
1 X 0.1500 


= + 11.77° 


[a]” after 40 hours 


- 0.21° X 2.1542 
1 X 0.1500 


- 3.01° 


Lactone hydrochloride of xylohexosaminic acid. 

7.7 grams of amino-acid were suspended in 75 cc. of 99.5 per 
cent ethyl alcohol into which hydrochloric acid gas was passed, 
without cooling, until the alcohol was saturated. At first the 
substance passed into solution and immediately afterwards a 
small amount of a white precipitate began to form. This in 
turn passed into solution as more hydrochloric acid was passed 
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in. Finally, after the solution had become saturated, crystalliza- 
tion of the lactone began and was complete after the solution 
had stood in the cold for a few hours. The crj^stals were then 
filtered off and washed with absolute alcohol. The yield was 
practically quantitative, 7.7 grams giving 8 grams of lactone 
hydrochloride. The substance crystallizes in compact aggre- 
gates of prismatic needles grouped together in the form of spheres. 
When recrystallized from absolute alcohol, in which it is rather 
sparingly soluble, the crystals appear as long prisms. It melts 
at 195° (un corrected), with decomposition and gas evolution, 
after it has begun to turn brown at about 180°. 

0.1910 gm. of substance gave 11.5 cc. N, at 19°, 751 mm. 

0.1238 gm. of substance gave 0.0829 gm. AgCl. 

Calculated for 
CsHisNOiCl: Found: 


N 6.60 6.74 

Cl 16.25 16.22 


Dtbenzalxylohezosaminic acid ester hydrochloride. 

0.75 gram of amino-acid was suspended in 15 cc. of absolute 
alcohol and hydrochloric acid gas was passed into the suspen- 
sion, without cooling, until complete solution had taken place. 
At this stage 2 pc. of pure benzaldehyde were added and more 
hydrochloric acid gas was passed into the solution. Verj'^ soon 
the contents of the flask ■were filled wdth a mass of crystals. ‘ These 
■were filtered off, ■washed with absolute alcohol, and dried in a 
desiccator over potassium hydroxide. The yield was 1,2 grams. 
The completely dried product was recrystallized from a large 
amount of absolute alcohol. It melted at 217° (uncorrected). 
The analysis indicates that two benzaldehyde groups have en- 
tered into the reaction. 

0.2116 gm. of substance g.ave 6.0 cc, N, at 19°, 760 mm. 

0.1297 gm. of substance gJivc 0.2S75 gm. CO- and 0.0690 gm. 11:0. 


Culciilntwl for 
C-ir.,NO>Cl: 

Found 

, 60.65 

60.47 

6.34 

6.. 39 

3.20 

3.25 


C. 

H 

N, 
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a-ai-Anhydro-idosaccharic acid. 

9 grams of xj'lohexosaminic acid were dissolved in 100 ce. of 
3 per cent hydrochloric acid and deaminized with 9 grams of sil- 
ver nitrite. After standing for about twenty-four hours the 
slight e.xcess of silver was removed with a little hydrochloric 
acid, the silver chloride filtered off, and the filtrate concentrated 
in vacuum to about 20 cc. An equal volume of concentrated 
nitric acid was added and the solution boiled over a small flame 
for twelve minutes. It was then transferred to a shallow dish 
and rapidl}' concentrated on the water bath to a thick sj'rup. 
This was taken up in a small amount of water and again erapo- 
rated to remove the e.xcess of nitric acid. Crj-stallization took 
place spontaneous!}' during the second evaporation. After 
standing for a short- time the ciy-stals were washed from adhering 
syrup with a mixture of 1 part of dr}- acetone 3 parts of diy 
ether, filtered, and dried in a desiccator. The }'ield was 3.5 grams. 
It was reciystallized for ana!}'sis by dissolving in 10 parts of diy- 
acetone and adding an equal volume of diy- ether. The sub- 
stance ciystallizes under these conditions in long colorless pris- 
matic needles, which melt at 226° (uncorrected), with gas cto- 
lution. The product contains 2 molecules of ciystal water which 
may be removed by heating in vacuum at 10S°. 


I. 0.1220 gm. of substance gave O.OISS gm. H-O. 

II. 0.1240 gm. of substance gave 0.0192 gm. H.O. 

III. O.IOIS gm. of substance gave 0.0160 gm. HjO. 

Calculated for 
C«HjOT*r2H:0: I 


0.1032 gm. of dry substance gave 0.1432 gm. CO* and 0.0410 gm. H-O. 

Calculated for 

Found; 

C 37.50 37.79 

H 4.20 4.45 

0.1040 gm. of crj-stal water containing substance required 9.0 cc, 
NaOH (calculated 9.1 cc.). 

The rotation of the dry substance was as follows: 




- 7.6° X 2.172S 
033 X 1 X 0.1713 


= -93.32° 
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The acid forms an acid potassium salt which is obtained by 
neutralizing the acid in concentrated aqueous solution with 
potassium hydrate; adding an equal volume of glacial acetic acid 
and sufficient alcohol to produce a pei'manent turbidity. The 
salt crystallizes in long colorless needles, which, owing to their 
great solubility in water, are difficult to free from sodium ace- 
tate. For this reason no analysis of the product is given. 

0.1414 gm. of substance in 2 cc. of water rotated -6.14°. 


a-ai-l-Anhydro-sacckaric acid {l-epi-isosaccharic acid^). 


3.5 grams of the above mentioned hydrochloride of xylohexos- 
aminic acid lactone were dissolved in 50 cc. of water and deamin- 
ized with 4 grams of silver nitrite. The reaction mixture was 
kept at 0° for the first five hours and then allowed to stand over 
night at room temperature. If silver was present in the solu- 
tion it was removed with a few drops of hydrochloric acid, the 
silver chloride filtered off, and the filtrate concentrated in vacuum 
to about 15 cc. An equal volume of concentrated nitric acid 
was then added and the solution boiled over a small flame for 
about twelve minutes. It was then evaporated in a flat dish on 
the water bath to a syrup which was freed from most of the 
nitric acid by repeating the evaporation after adding a small 
amount of water. The reaction product was taken up in about 
6 cc. of water, neutralized with a strong solution of potassium 
hydroxide, and allowed to stand fifteen minutes at room tem- 
perature, after which an equal volume of glacial acetic acid and 
about 3 volumes of absolute alcohol were added. Upon stand- 
ing in the refrigerator from four to five hours crystallization of 
the acid potassium salt was complete. The yield was l.G grams. 
It was recrystallized from 2 parts of hot water. 


0.2314 gm. of substance gave 0.0797 gm. K-SOi. 


K. 


Calculated for 
C,mO,K + lhO: 

. . 15.70 


Found: 

15.45 


• In giving the rotation of the antipode (this Journal, xs, p. 444, 1915), 
we omitted to mention the weight of the solution used, which wiw? 2.1478 

grams. 
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The rotation of the air-dried substance* was as follows: 

= - 38 . 09 ° 

■■ IX 0.1400 

4 grams of the acid potassium salt were dissolved in about 
150 cc. of water and the calculated amount of a 5 per cent solu- 
tion of lead acetate was added. Crj-stallization of the lead salt 
began at once and was complete after about one hour. The 
lead salt was filtered off with suction, washed with water, and 
dried at 100°. The yield was fi grams. The lead salt was sus- 
pended in about 100 cc. of water and slightly less than the cal- 
culated amount of sulphuric acid added. After standing about 
one hour on the water bath the lead sulphate was filtered off and 
the filtrate concentrated in vacuum to a thick syrup which was 
dissolved in dry acetone and again evaporated to drjmess. The 
syrupy residue, which contained lead salts, was extracted with 
dry acetone, and the colorless filtrate evaporated in a dish on the 
water bath to a thick syrup. By repeating the evaporation with 
acetone a few times the syrup crystallized on cooling without 
crystal water. It was freed from a small amount of adhering 
syrup by washing with a mixture of 1 part of amyl alcohol -J- 2 
parts of dry ether. The jield was 1.5 grams. It may be re- 
crystallized by dissolving in a small amount of dry acetone and 
allowing the solution to evaporate in the air. The substance 
melts at 163°. 


0.1092 gm. of substance gave 0.1514 gm. COj and 0.0410 gm. H-0. 

Calculated for 

CtHjOr: Found: 


C 37.50 37.80 

H 4.20 4.20 


The rotation of the substance vras as follows: 


_ — 3.08° X 2.1547 
^ 1.034 X 0.1657 


-38.79° 


* For comparison we determined the rotation of the same salt of d-anhy- 
dro-saccharic acid obtained from glucosaminic acid (this Jo-umal xv 
p. 442, 1915). ’ ■ ’ 


W 


!S 

D 


+ 2.56° X 2.1221 
1 X 0.1410 


= +38.53° 
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{From the Hospital of The Rockefeller Institute for Medical Research!) 

(Received for publication, April 30, 1915.) 

Previous methods for the estimation of chlorides in blood and 
plasma have required at least 10 cc. of material in order that the 
error might fall within 1 per cent of the total amount present. 
Bang’s micro-method^ requires only 100 mg. of blood, but it is 
hardly accurate to within 5 per cent. 

The necessity for frequent chloride determinations on the 
plasma of individual patients, made simultaneously with other 
determinations on the same blood samples, led us to seek an ac- 
curate method of titrating small amounts of chlorides. As a 
result, we have recently published’ an iodometric method for de- 
termination of halides in general which permits the titration of 
as little as 5 cc. of ^ halide solution with an accuracj’’ of 1 part 
per 1000. 

The present paper gives the conditions for the application of 
this method to bodj' fluids. As the concentration of chloride in 
blood plasma is about it is possible to titrate the amoimt in 
0.5 cc. with an accuracy of 1 part per 100. In order to leave 
a margin of safety, we usually take more material, but the agree- 
ment between duplicates is then, as a rule, correspondingly closer 
than the 1 per cent accuracj’’ which is required. The titration is 
also applicable to urine, ascitic fluid, pleural e.xudates, gastric 
juice, etc. 


’ A preliminary report of this method was published in the Proc. Hoc. 
Ezper. Biol, and Med., .vii, p. 93, 1915. 

*1. Bang; Biochem. Zischr., dix, p. 19, 1913. 

’ F. C. AIcLean and D. D. tan Slyke; Jour. Am. Chem. Soc., xxndi, 
p. 1128, 1915. 
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Description of the method. 

The deterjtnination requires two steps: (1) removal of proteins' 
and (2) titration of chlorides. 

Coagulation of proteins. Removal of the proteins may be ac- 
complished in two ways, by coagulation or by ignition. Results 
are identical by both methods, but coagulation is the simpler 
and is the only means of deproteinizing which we have used in 
routine work. For coagulation 2 cc. of oxalated plasma (1 cc. 
may be used if material is limited) are drawn into a 2 cc. pipette 
which has been calibrated to contain 2 ± 0.005 cc. From the 
pipette the plasma is run into a 20 cc. stoppered volumetric 
flask which contains 10 cc. of a 10 per cent magnesium sulphate 
solution. The pipette is rinsed twice by drawing up into it the 
solution from the flask. Two drops of 50 per cent acetic acid 
are added, the flask is filled to the mark with water, the contents 
are mixed by inverting the flask, and heated in a bath to 100° 
for ten minutes. By keeping the stopper loosely in place evapora- 
tion is prevented, and when cool the contents return to their 
original volume. Ten minutes on the steam bath are sufficient 
to coagulate the albumin and to distribute the chlorides evenly 
between the fluid and precipitated albumin.^ A shorter period 
of heating may give low values in the filtrate, apparentl}'- due to 
a mechanical carrying down of chloride by protein, but at the end 
of ten minutes the filtrate contains its proper amount of chloride. 
The flask is then allowed to cool, and the contents are poured on- 
to about 0.3 gram of blood charcoal in a small beaker, and mi.vcd. 
(Merck’s “Blood Charcoal, Reagent,” purified by acid and free 
from chloride is used. No other form of charcoal has been found 
to be of service.) After a few minutes the liquid is filtered through 
a dry folded filter, and a water-clear filtrate obtained. Occasion- 
ally a small amount of charcoal passes through with the first 
few drops of filtrate, but this can be poured back through the 
saipe filter, and the filtrate then obtained is absolutely clear and 
colorless. 


<Tho method of coagulation is similar to that ot Lnrsson (Biocficm. 
Zlschr xlix, p. 479, 1913), but much more rapid. Larsson coagulate.s at 
half volume, then dilutes after coagulation, and consequently has to wait 
two hours for the chloride to diffuse evenly through the coagulum 
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Titration of the protein-free filtrate. In brief, the chlorides are 
precipitated in the presence of nitric acid b 3 ’’ standard silver 
nitrate solution, the silver chloride is removed bj’’ filtration, and 
the excess silver titrated -ndth standard potassium iodide. The 
titration is performed in the presence of nitrous acid and starch, 
so that the first drop of iodide in excess of the silver present is 
changed to free iodine and gives the blue starch-iodine color. 
The optimum acidity for the end-point is fixed by the addition 
of trisodium citrate in amount equivalent mol.) to the free 
nitric acid present. Under these conditions one drop of excess 

iodide gives a color perceptible in 150 ec. of solution. 

The following solutions are required; 

I. An acid m/29.25 solution of silver nitrate, 1 cc. of which is 
equivalent to 2 mg. of JVaCl.® 

AgNOj 5.812 gm. 

HNO. (ap.gr. 1.42) 250 cc. 

Water to 1000 cc. 

In place of silver nitrate, metallic silver, which can be ob- 
tained in a high state of purity, may be made the basis of the 
solution. In this case 3.688 grams of silver are dissolved in the 
nitric acid and diluted to 1000 cc. We also find it convenient to 
prepare a stock solution of silver nitrate ten-fold as concentrated 
as the above, and prepare the m/29.25 solutions from this by dilu- 
tion. As a check on its accuracy the stock solution may be 
standardized against a known hydrochloric acid solution by the 
Volhard method, or gravimetrically. 

II. A solution of m/58.5 potassium iodide, 1 cc. of which is 
equivalent to 1 mg. of NaCl. 

KI 3.0 gm. 

Water to 1000 cc. 

This solution is standardized against the silver solution by 
adding 5 cc. of the latter to 5 cc. of Solution III and titrating with 
the iodide solution to the blue end-point. The iodide solution is 
then diluted to such a degree that 10 cc. are exactly equivalent 
to 5 cc. of the silver solution. 

‘ The total chlorides are, of course, determined by the method. For 
the sake of convenience, all estimations here reported are calculated as 
sodium chloride. 



364 Chlorides in Body Fluids 

III. A solution, for use in the final titration, containing sod- 
ium citrate, sodium nitrite, and starch, which substances re- 
spectively regulate the acidity, provide an oxidizing agent for the 
iodide, and serve as indicator. 


Sodium citrate (NasCeHsO? + 55H2O) 446 gm. 

Sodium nitrite 20 gm. 

Soluble starch 2.5 gm. 

Water to 1000 cc. 


The starch is first dissolved with the aid of heat in about 500 
cc. of water. The citrate and nitrite are then added, and the 
mixture is heated until all is dissolved. The solution, while 
still hot, is filtered through cotton, the filter washed with hot 
water, the filtrate allowed to cool, and made up to 1000 cc. Filtra- 
tion removes insoluble substances occurring chiefly in the nitrite, 
and cotton filters more rapidly than filter paper. The solution 
keeps indefinitely. It becomes cloudy on standing, but its efficacy 
is not impaired. 

In detail, the titration of the protein-free plasma filtrate is 
carried out as follows: Either 10 cc. of the filtrate, containing 
the chlorides of 1 cc. of plasma, are taken in a pipette for titra- 
tion, or the filtrate is collected directly in a certified 25 cc. gradu- 
ated cylinder, where it is measured, so that the entire amount 
may be taken for titration. In this way 13 to 14 cc. of filtrate, 
corresponding to 1.3 to 1.4 cc. of plasma, may be obtained for 
titration. In this case the cylinders must be accurate to within 
0.05 cc. Ordinary 25 cc. cylinders are not to be used, as errors 
in graduation up to 0.2 cc. or more are quite common, and unless 
certified cylinders are available the use of a 10 cc. pipette is 
advisable. 

After either measuring 10 cc. of the filtrate into a 25 cc. volumet- 
ric flask or recording the amount of filtrate obtained in the cylin- 
der 5 cc. of the acidified m/29.25 silver nitrate solution (Solution 
I) are added, and the whole is made to the 25 cc. mark with 
water. This will precipitate up to 10 mg. of NaCl. In samples 
with high percentage of chloride, only enough filtrate is taken to 
keep within this limit of 10 mg. Two drops of octyl (capodic) 
alcohol are added, and the vessel is stoppered and shaken gently 
by inverting it several times. Immediate coagulation of the 
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silver chloride occurs. After allowing five minutes for complete 
precipitation to occur, the solution is filtered through a drj^ 
folded filter, and a perfectly'- clear and colorless filtrate again 
obtained. In extracts from whole blood the silver chloride does 
not coagulate so readily as in plasma extracts, but it jdelds an 
equally clear filtrate. In any case some silver chloride may 
pass through the filter ndth the first few drops, but it is neces- 
sary only to pass them through the same filter again to obtain 
a filtrate perfectly clear to the e 3 ’'e. Observed in the nephelom- 
eter, the turbidity of these filtrates corresponds to only 0.01 
mg. or less of sodium chloride. 

An aliquot part of the filtrate — ^20 cc. — is now taken noth a 
pipette for titration. Or, if so desired, the precipitate and filter 
may be washed several times with water and the entire filtrate 
titrated. The use of an aliquot part, however, saves time and 
appears to be equally accurate. Just before titration with the 
potassium iodide solution (Solution II) one adds a volume of the 
citrate solution (Solution III) equal to the volume of Solution I 
represented in the filtrate to be titrated. If, as is usually the 
case, one has used 5 cc. of Solution I diluted to 25 cc., and taken 
20 cc. of the filtrate for titration, one has the equivalent of 4 cc. 
of Solution I present, and must accordingly add 4 cc. of Solution 
III. On adding Solution III a slight turbidity appears, which 
in no way interferes with the end-point. 

The potassium- iodide solution is then run in from a burette 
until the blue end-point appears. The first definite blue color 
is taken as the end-point, and with a slight practice is unmistak- 
able. An additional drop, which ma 3 ’’ be used as a control, 
causes such a deep blue color that it is impossible to make an 
error of more than one drop in titration. Should the end-point 
be accidentally passed, one may add 1 cc. of Solution I, 1 cc. of 
Solution III and retitrate, allowing in the calculation for the 
extra silver nitrate. 

The result ma 5 ’^ be calculated from the following formula, which 
applies only when 20 cc. of the filtrate from silver chloride are 
titrated : 


Grams NaCl per liter = 


12.5 (8 — cc. KI solution used) 
cc. blood filtrate taken. 
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Thus, if 13 cc. of filtrate are obtained and titrated after precipita- 
tion of plasma protein, and 1.60 cc. of KI are used in the final 
titration, 


Grams NaCl per liter = 


12.5 (8 - 1.60) 
13 


6.15. 


In case only 1 cc. of plasma instead of 2 cc. has been used, the 
factor 25 replaces 12.5 in the numerator. In case the entire 
filtrate from the silver chloride instead of 0.8 of it (20 cc.) is taken 

for the final titration, the formula is 

cc. blood filtrate 

, „ « , j 20 (10 — cc. KI solution) 

when 2 cc. of plasma are used, or — ^ when 

cc. blood filtrate 

only 1 cc. is taken. 


Accuracy of the method. 

The fact that the titration method for chlorides is capable of 
an accuracy of one part per one thousand has been previously 
established.® The exactness of the- above application of the 
method depends directly on the care with which measurements 
are made and on the purity of the reagents used. All reagents 
must, of course, be free from substances precipitated by silver, 
and are easily tested. As the volumes measured are not large, 
however, small absolute errors in measurement may cause con- 
siderable percentage error in the final result. All glassware must 
therefore be carefully calibrated by either the weiglit of water 
contained (flasks, cylinders, 2 cc. pipettes) or the weight delivered 
(other pipettes, burettes), and burettes should be used which are 
capable of being read to 0.02 cc. and which deliver small drops. 
If these precautions are followed, one should uniformly obtain 
results as shown in Table I, which are well within a limit of error 
of 1 per cent. 

Control determinations by fusion method. 

As stated above, the accuracy of the titration method itself 
has been established to a degree well beyond the present re- 
quirements of blood analysis. In the present application of the 

« McLean and Van Slyke: loc. ctl. 
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method, however, additional manipulation (removal of colloids 
by coagulation and charcoal) has been introduced in order to 
eliminate interfering substances, particularly proteins, before 
precipitating the chlorides. In order to show both that this 
preliminary manipulation introduces no error, and that it is 
efficient in removing interfering substances, we have compared 

TABLE I. 


Comparison of results obtained by coagulation and fusion methods. In each 
case 6 cc. of M/29.S5 AgNO» solution were used, the volume was made to S5 
cc., and SO cc. of filtrate were titrated with M/68.5 KI solution. 


COAGirUhTION^ 

rCBlON', I cc. SAMPLX; 

Sample | 

Dilution 

Filtrate 

titrated 

M/oS 5 
KI used 

NaCI 
per cc. of 
sample 

^5S 5 
^ used 

NaCI 
per cc. of 
sample 





cc. 

cc. 

mg. 

ec. 

tn^. 

Normal plasma’ 

» I 

20:200 

12 5 

1 95 

6.0i 

3.15 

6. os 

(( 

(( 

II 


12 5 

1.97 

6. OS 

3.18 

6.02 

<( 

<1 

II 


12 5 

1 96 

6. OS 



<( 

<1 

II 


12 5 

1 98 

6.01 



it 

U 

II 


12 5 

2 00 

6.00 

1 


tt 

II 

II 

2:20 

13 20 

1 72 

5.95 

3.23 

\ 5.96 

U 

11 

II 

2:20 

13 60 

1 50 

5.97 



U 

II 

III 

2:20 

13 10 

1 73 

6.98 

3.22 

5.98 

u 

II 

II 

j 2:20 

12 20 

2 12 

6.02 



it 

II 

IV 

2:20 

14 60 

0 82 

6.U 

3.07 

6.16 

n 

II 

II 

2:20 

13 60 

1.35 

6.11 

1 


Nephritic plasma I 

2:20 

13 80 

0 80 

6 52 

2 75 

6.56 

II 

II 

II 

2:20 

13 60 

1.24 

6 21 

3.05 

6.19 

Pneumonia plasma 

2:20 

11.50 

2 40 

6.29 

4 20 

6.25 

Diabetic plasma 

2:20 

14 00 

2 35 

5 04 

4 0 

5.00 

tVhole blood 


2:20 

9 90 

4 12 

4-90 

4 05 

1 4.94 

-tscitict fluid 


2:20 

14 80 

0 42 

6 S9 

2.92 

e.s5 


* Deternunation by Volhard method oa 15 cc. sample gave € CS mg. NaCi per cc. ol plasmeu 
1 Determination by Volhard method on 15 cc. sample gave € S5 mg. NaCl per cc. of fluid. 


the results obtained after coagulation with those after fusion, 
by which all the organic material of the plasma was destroyed. 
The fusions were done with sodium carbonate and lime, accord- 
ing to the method described by H. Schiff,^ which accomplishes 
destruction of the organic matter without the formation of 

' H. Schiff; A. Classens AvsgewShlle Melhoden der analytischen Chemie, 
Braunschweig, 1903, ii, p, 763. 












TABLE IT. 


ResttUs of duplicate analyses of plasma by coagulation method. DUnlion 
in each case 1:10, 5 cc. of AgNOz solutio7i iccrc used, the vohme ua: 
77iade to S5 cc., and SO cc. of filtrate were titrated with KI. 


SAMPLE 

1 

FILTRATE 

TITRATED 

m/58.5 

Kl USED 

NaCl PER 

cc. OF PLASMA 

DIFFERENCL 


CC. 

cc. 

mff. 


1. 

13.90 

1.40 

B.9J, 



12.35 

2.10 

6.97 

0.03 

2- 

13.05 

1.72 

6.01 



13.15 

1.65 

e.oit 

0.03 

3. 

14.15 

1.63 

5. 63 



13.20 

2.05 

6.64 

O.OI 

4. 

13.30 

1.54 

6.08 



13.85 

1.30 

6.06 

0.03 

5. 

13.10 

1.60 

6.11 



13.45 

1.45 

6.09 

0.02 

6. 

13.80 

1.50 

6.89 



13.35 

1.72 

5.SS 

0.01 

7. 

14.15 

1.22 

6.99 



13.0 

1.77 

6.99 

0.00 

8. 

13.20 

1.72 

5.95 



13.60 

1.50 

5.97 

0.01 

9. 

12.60 

! 1.92 

6.19 



13.1 

1.50 

6.19 

0,00 

10. 

13.20 

1.72 

6.95 


1 

13.60 

' 1.50 

6.91 

0.01 

11. 

12.5 

1.95 

6.04 



1 12.5 

1.97 

6.03 



12:5 1 

1.96 

6.03 



j 12.5 i 

1.98 

6.01 



I 12.5 j 

2.00 

6.00 

0.04 

12. 

1 

13.1 ; 

1.73 

6. 98 

0.01 

1 12.2 

2.12 

6.03 

13. 

14.6 

0.82 

6 14 

0.03 

1 13.6 

1.35 

6 11 

14. i 

! 12.75 

1,75 

6.13 

0 02 

1 13.6 

1.35 

6.11 

15. 

13.15 

1.70 

6.99 

0 02 

12.1 

2.18 

6.01 

16. 

12.4 

1.81 

6.33 

0 01 


12.10 

1.96 

6.34 

17. 

13.90 

1.16 

6.16 

0 01 


13.40 

1.45 

6.11 

18. 

12.85 

12.55 

1.84 

2.0 

6.90 

6.98 

0 01 

19. 

12.55 

14.45 1 

2.0 

1.01 

6.98 

6.03 

0 01 


3GS 
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cj'anides. One cc.of plasma was mixed in a platinum crucible with 
1 gram of a mixture composed of 1 part of NajCOs to 4 of CaO, 
dried on an electric hot plate, covered with 0.5 gram of the same 
fusion mixture, burned for five minutes over a Chaddock burner, 
and the mixture dissolved in an excess of nitric acid. The solu- 
tion was made neutral with 60 per cent NaOH, concentrated on 
the steam bath to about 10 cc., transferred to a 25 cc. volumetric 
flask, and cooled. 5 cc. of the m/29.25 silver nitrate solution were 
added, the whole was made to volume, shaken with octyl alcohol, 
filtered, and 20 cc. of filtrate were titrated as above. Results 
by this method correspond, as is shown in Table I, very closely 
to those obtained when proteins are removed by coagulation. 

Table II shows results of duplicate analyses by the coagulation 
method on the same sample. Duplicates agree almost invariably 
within 0.05 mg. of each other, and usually closer. It is probable 
that the average error in determining the chlorides in 2 cc. of 
plasma is much less than 1 per cent. 

Applicalion to urine. 

The procedure is not superior to the Volhard for ordinary 
urine titrations. Results fully as accurate as those by the Vol- 
hard, however, can be obtained with much less material, and this 
may make the new method valuable for certain work, such as in 
comparing the chloride contents of urines collected separately 
from both ureters, or titrating urines of small animals. 

When the urine contains no albumin, it is necessaiy only to 
measure 1 cc. into a 50 cc. volumetric flask half filled with water, 
add 10 cc. of the silver nitrate solution, fill to the mark with 
water, add 2 to 3 drops of octyl alcohol, shake, and filter. Twenty- 
five cc. of the filtrate are taken with a pipette, 5 cc. of citrate 
solution added, and the excess silver is titrated with iodide. 
2 (10 — cc. KI) then gives mg. NaCl in 1 cc. of urine, or grams 
NaCl per liter, and the method as thus applied has a range of 0 to 
20 grams per liter. In the case of urines containing albumin, the 
procedure is the same as for blood, 2 cc. being diluted to 20 cc. 
with magnesium sulphate, acetic acid, and water, and coagulated. 
Ten cc. of the filtrate, representing 1 cc. of urine, are then 
treated as above described. 
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Chlorides in Body Fluids 


Tables III and IV give a comparison of results with urines 
analyzed by the present method and the Volhard titration, 
respectively, the titrations with the latter being performed in 
the presence of the silver chloride precipitate. 

TABIE III. 


Albumin-free urines, not treated with heat and acetic acid, dilution 1:50, 
including 10 cc. of m/29.25 AgNOz solution in each case. 25 cc. of filtrate 
tverc titrated with KI. 


SAMPLE 

1 

[ m/58.5 KI 

1 rSED 

NaCl PEP cc. 
OF VntSE 

1 

1 VOUIAPD 

1 NnCI rr.n cc. 
1 OF uniNr. 


1 

in0. 

■ 

Normal urine 

3.7 

12.6 

j 12.6 

Normal urine 

3.45 

13.1 

1 13.0 

Normal urine 

4.48 

11.04 

1 11.1 

Normal urine 

5.05 

9.9 

; 9.8 

Normal urine 

7.7 

4.6 

1 4.6 

Normal urine 

5.8 I 

8.4 1 

8.3 

Normal urine 

5.3 

' 9.4 

9.4 


3.35 1 

i 13.0 

13.0 


4.28 

11.44 

11.5 


TABLE IV. 


Albuminous urines treated xoith magnesium sulphate, acetic acid, and heat. 
B cc. of AgNOz sohtlion were used in each case, the solution was made to 
25 cc., filtered, and 20 cc. of filtrate were taken for titration. 


SAMPLE 

dilution 

FILTPATE 

TITEATED 

m/58.5 KI 

USED 

NnCi 

PER CC. or 
URINE 

! YOUIARP 

I^nCl 
PER CC. or 

URINE 



CC, 

CC. 

niff. ] 

WIJ. 

Nephritic urine + albu- 




1 


min 6.0% 

1:20 

10.00 

4.74 

! 8.16 ' 

8.15 

Nephritic urine + albu- 

j 





min 5.7% 

2:20 

12.50 

5.2 

t 2.80 

I 2.70 

Diabetic urine + albu- 




^ 5.38 


min trace 

1:20 j 

10.00 

5.85 


5.30 


Other applications. 

Whole blood, serum, and ascitic, or pleural fluid are treated in 
the same way as plasma. For the determination of chlorides in 
gastric juice, etc., the same manipulation may be carried out, the 
volume of filtrate used for titration depending on the chloride 

content. 





THE INFLUENCE OF SALICYLATES UPON THE URIC 
ACID CONCENTRATION OF THE BLOOD. 

By morris S. FINE akd ARTHUR F. CHACE. 

{From the Laboratory of Pathological Chemistry and the Department of Medi- 
cine, New York Post-Graduate Medical School and Hospital, New York.) 

(Received for publication, April 24, 1915.) 

In a previous communication from this laboratoiy, in agree- 
ment with studies of other workers, it was shown that the well 
known increased output of uric acid following the administra- 
tion of atophan was accompanied by a commensurately lowered 
concentration of uric acid in the blood.* From this the con- 
clusion was drawn that atophan induced some change in the 
permeability of the kidney for uric acid, establishing a lower 
level of renal retention for this substance, as a result of which 
there ensued an overflow of uric acid from the blood and tissues 
into the urine. 

It is a common observation that salicylates also provoke a 
significant increase in the output of uric acid,^ and it becomes of 
interest to learn whether we may here likewise be dealing with 
an altered renal permeability, resulting in a reduction of the 
uric acid concentration of the blood. In the following tables 
the data do indeed point to the close resemblance between the 
action of atophan and salicylates upon the uric acid concentration 
of the blood. In several instances the effect of the latter drug 
has, if anything, been even more pronounced, twice causing an 
almost complete disappearance of uric acid from the blood (Case 
1), an observation which we have been unable to make in the case 
of atophan. 


* M. S. Fine and A. F. Chace: Jour. Pharm. and Exper. Therap., vi, 
p. 219, 1914. 

- See E. W. Rockwood; Am. Jour. Physiol., xxv, p. 34, 1909-10; and G. 
Pietrulla: Arch. f. Verdauungskr., xix, p. 673, 1913. 
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Salicj'-lates and Uric Acid 


The subjects^ of these studies subsisted upon a purine-free diet 
whose qualitative and quantitative character remained practi- 
cally unchanged throughout the periods of observation. The 
data in the tables are arranged in consecutive periods. The 
reduction of the uric acid concentration of the blood under the 
influence of salicylates is manifest, and in most cases the return 
to the initial concentration took place within a few days after 
the cessation of the use of the drug. To this, Case 3 forms an 
exception. Seven days after the end of the treatment there 
appeared to be no disposition for uric acid to rcaccumulatc in 
the blood, and at the end of a further period of thirty-five days 
the blood uric acid was still considerablj'’ below the initial con- 
centration. Apparently, in this case, the kidnej'S had experi- 
enced a more lasting change. It should be noted that an injec- 
tion of radium bromide had been given early during the aspirin 
period, but we are not inclined to ascribe the more persistently 
lowered uric acid concentration to this circumstance.'* 

The method we have employed for determining the uric acid 
concentration of the blood was, as in our previous studies, that 
of Folin and Denis, with certain modifications.^ Final clarifica- 
tion of the blood filtrate was accomplished by means of alumina 
cream, which was found to be far superior for this purpose to 
the talc employed in our earlier work. The precipitation of 
the purines and the subsequent liberation of uric acid were car- 
ried out by the admirable method of Benedict.® The use of KCN, 
as described by Benedict, instead of HsS, has added greatly to 
the simplicity and accuracy of the determination. In the search 
for a uric acid standard, we have likewise been greatly aided by 
Benedict’s studies. At first, at his suggestion, we employed a 
solution of uric acid in a dilute pyridine solution, which is stable 
for about ten days, and later the excellent permanent standard 
of uric acid dissolved in a phosphate mixture. We arc greatly 

= We are indebted to Dr. W. G. Lough for assistance in following the 
clinical course of the cases, and to Mr. Adolph Bernhard for the deter- 
minations of uric acid of the urine. 

* See Fine and Chace: loc. cil., p. 234. 

‘ See Fine and Chace: loc. cil., p. 221. 

6 S. R. Benedict and E. H. Hitchcock: this Journal, xx, p. C19, WIo. 
Benedict: ibid., xx, p. 629, 191-5. 
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indebted to Professor Benedict for placing before us the details 
of his important modifications of the Folin-Denis method and 
his uric acid standards pre^dous to their publication. 


Case 1 (B), rheumatism. 


PEBtOD 

f ITRIC ACID or 
DA.YS ^ BLOOD AT EKI> 

1 or PERIOD 


j mj. per ICO ce. 
2.0 

5 0.0 

9 1.4 

6 0.4 

1 5 2.5 

1 4 0.0 




Control (no salicylate) 

6 gm. sodium salicvlate daily 1 


Case 2 ( 11 '), asthma. 


PERIOD 

, DATS 

CRIC ACM> Of 
BLOOD AT CKD> 
or PERIOD 

Control (no salicylate) 

t 

1 

mff. per lOOceu 

2.7 

3 gm. sodium salicylate daily 


1.6 

3 gm. sodium salicylate daily 

9 i 

2.0 

6 gm. sodium salicylate daily 

6 

o.s 

Control (no salicylate) 


1.9 

6 gm. sodium salicylate daily 

2 

1.7 

Control (no salicylate) 


2.2 


Case S (L), arthritis. 


PERIOD 

DATS 

ERIC ACID Of 

blood at EKC 

OP PERIOD 

Control (no salicylate) 


mg. per 100 ccL 

3.5* 

2 gm. aspirin daily 

18 

0.7 

Control (no salicvlate) 

7 1 

0.6 

Control (no salicjdate) 

10 

1.6 

Control (no salicvlate) 

10 

2.0 

Control (no salicylate) 

15 

l.S 


•After the blood tvas drawn, 50 micrograma ol radium bromide were injected intravenously. 
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Salicylates and Uric Acid 

Case 4 (B), gottl. , 


PERIOD 

DATS 

URIC ACID 
OUTPUT, DAILY 
AVERAGES 

unic .KciD or 

BLOOD AT END 
OF PERIOD 



0m. 

ms. j!eT 100 ec. 

Control (no salicylate) 

7 

0.42 

4.4 

3 gm. sodium salicylate daily 

12 

0.63 

3.2 

8 gm. sodium salicylate daily 

2 

0.74 

1.4 

Control (no salicylate) 

4 

0.39 

3.6 

Control (no salicylate) 

8 

0 41 


6 gm. sodium salicylate daily 

10 

0.6S 

1.9 

Control (no salicylate) 

4 

0.31 

3.7 


Cases 6, 6, 7, and S. 


CASE 

i 

PERIOD j 

DAYS 

URIC ACID 
OP IILOOD 
AT END OF 
PERIOD 

5 (F. S.) 

1 

1 

1 Control (no salicylate) 


mg. rer 
100 cc. 

4.0 

Hysteria 

6 gm. sodium salicylate daily 

4 

0.8 

■6 (A. M.) 

Control (no salicylate) 


2.1 

Arthritis 

6 gm. sodium salicylate daily 

4 

0.8 

•7 (M. E. C.) 

Control (no salicylate) 


2.0 

Arthritis 

4 gm. sodium salicylate daily 

4 

1.4 

8 C^V. L.) 

Control (no salicylate) 


3.0 

Arthritis 

6 gm. sodium salicylate daily 

6 

2.8 


Control (no salicylate) 

5.3 gm. sodium salicylate daily 

9 

9 

1.3 


After we had offered our preliminary communication upon this sub- 
ject/ our attention was called to a paper by Frank and PictruIIa/ which 
had hitherto escaped our notice. These workers employed the more cum- 
bersome method of determining the uric acid of the blood by isolating the 
uric acid in crystalline form and titrating with permanganate solution. 
In several instances the concentration was noted by reference merely to 
the abundance or paucity of uric acid c!rystals so obtained. They were 
nevertheless able to demonstrate a diminution of the blood uric acid after 


’ Fine and Chace: Proc. Soc. Exper. Biol, and Med., xii, p. 95, 1915. 

« E. Frank and G. Pietrulla: Arch.f. exper. Path. w. Pharmakol., l.xwvii, 
p. 361, 1914. 
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the use of atophan. Their study of the influence of salicylates com- 
prised three cases, to whom six grams of salicylic acid were given in twenty- 
four hours. In two cases, no blood uric acid could be demonstrated either 
before or after the administration of the drug; hence, from these, no con- 
clusions whatever can be drawn. In a third, however, one in which they 
state uric acid was without doubt originall 3 ’ present, the blood was found 
to be free from this substance on the morning following the administration 
of the drug. The results of Frank and Pietrulla here reviewed do not ap- 
pear to us to be sufficientlj’ clear cut to warrant the drawing of anj' 
conclusions. 

It has appeared to us to be an interesting circumstance, as we note Frank 
and Pietrulla have also pointed out,’ that atophan and salicylates behave 
almost identically as analgesics and uric acid eliminants; and despite the 
apparent dissimilarity in these two actions, some relationship is suggested. 

We have made a few observations upon the influence of cer- 
tain other drugs upon the uric acid concentration of the blood. 
In two cases treated with 5.3 grams of theobromine sodium sali- 
cylate daily (one for eleven days and the other for two days) 
there was, if anything, a slight increase in the concentration of 
blood uric acid. The same may be said with regard to quinine 
hydrochloride (2 grams per day for two days in one case), and for 
colchicum (maximum doses in two cases). 

’Frank and Pietrulla: loc. cil., p. 371. 




THE METABOLISM OF CREATINE AND CREATININE 

SEVXKTH PAPER.* 

THE FATE OF CREATINE WHEN ADMINISTERED TO MAN. 

Bt victor C. an'ERS axd morris S. fine. 

[from the Laboratory of Pathological Chemistry, few York Post-Graduate 
Medical School and Hospital, few York.) 

(Received for publicatioTi, April 24, 1915.) 

The fate of creatine and creatinine when introduced into the 
body of man or animals was considered in previous e.vperiments- 
in which these substances had been administered parenterall3' 
to rabbits. A small increase was noted in the creatinine excre- 
tion after the administration of creatine, indicating a slight con- 
version of creatine to creatinine. This was believed to possess 
some little significance as a factor in the metabolic relationship 
of these two substances. The criticism maj' be made in general 
of most previous e.xperinients that too large amounts of creatinine 
were looked for. Since our experiments leading to this conclu- 
sion were largely conducted on rabbits, it seemed desirable to 
carr3^ out feeding experiments with creatine on man under con- 
ditions suitable for detecting this slight increase in the excretion 
of creatinine. 

The \\Titers served as the subjects of these experiments and 
lived upon meat- and meat extract-free diets for twelve and thir- 

' The earlier papers of this series are: 1. The creatine content of muscle 
under normal conditions. Its relation to urinarj’ creatinine, this Journal, 
xiv, p. 9, 1913. II. The influence of starvation upon the creatine con- 
tent of muscle, ibid., xv, p. 2S3, 1913. III. The influence of carbohy- 
drate feeding upon the creatine content of muscle, ibid., xv, p. 305, 1913. 
IV. The influence of the administration of creatine and creatinine on the 
creatine content of muscle, ibid., xvi, p. 169, 1913-14. V. .4. note on the 
determination of creatinine and creatine in muscle, ibid., xvii, p. 65, 1914. 
VI. The non-protein nitrogenous compounds of the blood in nephritis, 
with special reference to creatinine and uric acid, ibid., xx, p. 391, 1915. 

’ V. C. Myers and M. S. Fine: ibid., xvi, p. 169, 1913-14. References 
to the literature are given in this paper. 
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378 Metabolism of Creatine and Creatinine 


teen da 3 "s, the first six of which served as a control period. On the 
seventh daj' 1 gram of creatine in solution was taken bj-- mouth. 
The dose was increased 1 gram per daj’- until on the eleventh 
day 5 grams were taken. We believe that the data on these five 
consecutive days form a much more reliable comparison with 
the control period than the data obtained from the ingestion of 

TABLE I. 


Experiments on V. C. M., November S to 18, 1913. 


DAY 

VOLUME OP 
URINE 

1 

> 

a 

c 

u 

b 

O i- 
K 

e. •- 
« 

% 

< 

« 

5 

DATA 

Ex- 

creted 

in 

urine 

ON CRE 

Ex- 

creted 

in 

urine 

ATINE 

Taken 

by 

mouth 

REMARKS ON DIET, ETC. 


CC. 


Om. 

gm. 

per cent 

gm. 


1 

870 

1.020 

1.46 

0 



No meat, but meat on 








preceding day. 

2 

1000 

1.018 

1.35 

0 




3 

470 

1.030 

1.35 

0 




4 

590 

1.029 

1.35 

0 




5 

575 

1.028 

1.35 

0 




6 

570 

1.028 

1.35 

0 




7 

910 

1.015 

1.35 

0 

0 

1.0 


8 

1330 

1.013 

1.38 

0.33 

16 

2.0 

Very cold day. 

9 

850 

1.015 

1.40 

0.72 

24 

3.0 


10 

820 

1.016 

1.41 

1.09 

27 

4.0 


11 

800 

1.016 

1.46 

1.08 

22 

5.0 


12 

740 

1.015 

1.34 

0 




13 

1600 

1.010 

1.49 

0 



Very cold; attended foot- 








ball game. Small amount 








of meat at night. 

14 

960 

1.013 

1.48 

0 



INIcat. 

15 

670 

1.023 

1.52 

0 



Meat. 

16 

870 

1.016 

1.50 

0 



Meat. 


creatine on isolated days, as has been the case in e.xpcrimcnts 
previouslj’’ reported on man. 

Especial care was taken to make the data as reliable as possible. 
The creatine employed had been repeatedly recrystallized until 
snow-white and contained only a very small amount of creatinine, 
under one-quarter of 1 per cent. This is unimportant, since the 
conversion of creatine to creatinine was greatly in excess of this 
amount, as indicated by the increase in the excretion of creatinine. 
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The creatine was weighed fldth the water of crj^stallization, allow- 
ance being made for this increased weight, to avoid any possible 
conversion to creatinine. After being carefulb^ dissolved in about 
250 cc. of warm water, it Avas taken from one to one and one-half 
hours preAUOus to the noon meal. This was believed to be a 
favorable time for rapid absorption. 

TABLE II. 


Experiments on M. F. S., November 3 to 18, 1913. 


1 

1 

I>H.T 

b. 

o 

a 
a S 

*2 5 

O p 
>- 

1 i 


DATA 

ON CREATINE 

REMARKS OS DIET, ETC. 

O \ 

^ 1 

a s 

03 1 

s 

H 

< 

a 

a 

u 

Ex- 1 
cretcd ! 
in 

urine | 

Ex- 

creted 

in 

urine 

Ta^en 

by 

mouth 


cc. 

1 

gm. 

gm. 

per cent 

pm. 


1 

640 

i 

1.35 

0 



No meat, but meat on 








preceding day. 

2 

900 


1.29 

0 




3 

640 

1.020 

1.29 

0 




4 

840 

1.016 

1.29 

0 




5 

600 

1.020 

1.29 

0 




6 

645 

1.020 

1.29 

0 




7 

1100 

1.011 

1.26 

0.20 

20 

1.0 


8 

1205 

1.014 

1.32 

0.58 

29 

2.0 


9 

1050 

1.015 

1.33 

0.93 

31 

3.0 


10 

520 

1.029 

1.35 

1.42 

37 

4.0 


11 

1100 

1.013 

1.37 

1.97 

39 

5.0 


12 

600 

1.021 

1.34 

i ° 




13 

1 1045 

1.013 

1.29 





14 

1200 

1.015 

1.34 

! 0 




15 

610 

1.026 

1.51 

1 0 



Meat. 

16 

550 

1.026 

1.34 

i 0 



Meat. 


Feeding experiments with creatine have been criticized on the 
ground that the creatine lost was destroyed in the intestine bj’- 
bacterial action.^ This criticism we do not believe to be valid 
for the reasons, (1) that the probable rate of absorption would 
not allow an appreciable loss in this way, and (2) that the upper 
portion of the intestine is comparativelj'- sterile^ under normal 
conditions. 


* F. W. Twort and E. Mellanby: Jour. Physiol., .xliv, p. 43, 1912-13. 
' W. J. MacNeal and A. F. Chace: Arch. Int. Med., xii, p. 178, 1913. 
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The usual analytical methods were employed for the urine. 
In the instances Avhere the volume was under 1 liter it was made 
up to this amount with distilled water. Care was taken in making 
the colorimetric readings to have the dilution so adjusted that 
the reading was close to 8 mm. The high results for creatinine 
on the first day of the control period compared with the succeed- 
ing five days are believed to be due to a lag in the excretion of 
exogenous creatinine, since this was the first day after the dis- 
continuance of meat. The increase in the excretion of creatinine 
was slightly less in subject M. S. F. than in V. C. M., probably 
for the reason that in the former subject about one-third of the 
creatine reappeared in the urine, while in the latter only one-fifth 
was lost in this way. 


DISCUSSION. 

The results in the experiments here reported on two men are 
quite similar to those previously obtained on rabbits. We be- 
lieve that the increase in the excretion of creatinine though small, 
3 to 4 per cent, is slightly beyond the limits of experimental 
error under the conditions of our experiments. This represents 
a conversion of between 1.5 and 2 per cent of the creatine to creat- 
inine, and is in harmony with the hypothesis previously presented 
by us, that administered creatine suffers the same fate as the 
creatine present in the body. 

Folin and Denis,® in a paper which has appeared since the com- 
pletion of the present experiments, found that the administra- 
tion of creatine to cats results in its absorption by the muscles 
to a considerable extent, an observation in harmony with our 
own findings on rabbits; although in our experiments the muscle 
was not analyzed until one to four days after the administration 
of creatine had been discontinued. As might have been ex- 
pected the actual retention was smaller than that noted by Folin 
and Denis. Folin and Denis state, however, that their experi- 
ments failed to show any creatinine formation from the adminis- 
tered creatine, although they noted a slight accumulation of 
creatinine in the blood and a slight diminution in the muscle. 
They suggest that the increased creatinine excretion noted by 

s 0. Folin and W. Denis: this Journal, .wii, p. 493, 1914. 
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other investigators may find possible explanation in the large 
influx of creatine into the muscle tending to force out the creati- 
nine, although by what mechanism thej’’ do not explain. 

Since creatine is slowh’ changed to creatinine even in pure solu- 
tion and much more rapidly in autolyzing muscle tissue/ we 
believe the slight increase in the creatinine excretion above noted 
actuall3'' comes from the administered creatine. 

‘Myers and Fine: Proc. Soc. Exper. Biol, and Med., sii, p. 41, 1914: 
also th'S Journal, xxi, 1915 (in press). 




THE METABOLISM OF CREATINE AND CREATININE. 


EIGHTH PAPER. 

THE PRESENCE OF CREATININE IN MUSCLE. 

Bt victor C. An.'ERS AND MORRIS S. FINE. 

(From the Laboratory of Pathological Chemistry, New York Post-Graduate 
Medical School and Hospital, New York.) 

(Received for publication, April 24, 1915.) 

In several papers^ we have called attenfon to the presence 
of creatinine in muscle tissue, although our e.^perimental data 
have never been presented. Since this is a topic about which 
there has been considerable controversj’", and, further, since we 
have attached special significance to the creatinine of the muscle, 
it has been considered desirable to discuss separately our experi- 
ments dealing with this problem.^ 

The presence of creatinine in muscle was apparently a disputed question 
with the older investigators, and with the advent of the Folin colorimetric 
method, this topic again received attention. Domer’ and von Furth 
and Schwarz* in experiments on striated muscle, and Saiki* in experiments 
on smooth muscle, all reported the presence of considerable amounts of 
creatinine — to the extent of one-third of the total creatinine. It seems 
quite apparent that the experiments of these workers were carried out 
without adequate precautions to prevent a conversion of creatine to 
creatinine and their data on this point may, therefore, be disregarded. 
In contrast to these observations are the experiments of many of the 
other workers who have considered this question. Grindley and Woods® 


‘ V. C. Myers and M. S. Fine; this Journal, xv, p. 304, 1913; xvi, p. 174, 
1913-14; x^'ii, p. 65, 1914; Fine and Myers; Proc. Soc. Exper. Biol, and Med., 
.xi, p. 15, 1913. 

- A discussion of the formation of creatinine from creatine may be found 
in a paper to appear in the ne.xt issue of this Journal. 

’ G. Domer; Ztschr. f. physiol. Chem., Hi, p. 265, 1907. 

* 0. von Furth and C. Schwarz; Biochem. Ztschr., xxx, p. 418, 1911, 
®T. Saiki; this Journal, iv, p, 483, 1908. 

'H. S. Grindley and H. S. Woods: ibid., ii. p. 309, 1906-07. 
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stated that they were unable to detect creatinine in chicken or beef flesh. 
Mendel and Leavenworth’ likewise reported unsuccessful attempts to de- 
tect creatinine in embryonic muscular tissue, although it should be noted 
that only comparatively small amounts of creatine were found (0.03 per 
cent). Mellanby,® in his paper dealing with the creatine-creatinine prob- 
lem in general, took up this question under the heading of "the alleged 
presence of creatinine in muscle.” As the result of his work he concluded 
"that creatinine is never present in muscle in quantities capable of detec- 
tion.” His failure to detect creatinine in fresh muscle is not surprising, 
but it is difficult to accoimt for his unsuccessful attempts in the case of 
autolyzed muscle where he must have been dealing- with comparatively 
large amounts of creatinine. On the basis of these negative findings, how- 
ever, Mellanby took occasion to criticize severely the work of Gottlieb 
and Stangassinger,® who reported the presence of creatinine in fresh as 
well as in autolyzing tissue. Other English workers who have investi- 
gated the presence of creatinine in muscle seem to have been influenced by 
the work of Mellanby. Brown and Cathcart’“ stated that they were in- 
clined to agree with Mellanby that muscle contains no preformed creati- 
nine, or at least mere traces of this substance. Baton” was unable to de- 
tect creatinine in duck muscle, but expressed some doubt in the case of 
rabbit muscle. Chisolm,” employing Mellanby’s method for human mus- 
cle, stated that creatinine was always found to be absent. In a more 
recent communication Scaffidi” concluded that creatinine as a preformed 
chemical constituent is absent from the mufecle tissue of the frog and dog 
and probably from muscle tissue in general. Shaffer appears to have 
been the first to appreciate adequately the probable amounts of creatinine 
present in muscle and other tissues, and the precautions necessary for its 
detection and estimation. In 1909 in a preliminary communication with 
Reinoso,’* he suggested a method for the estimation of creatinine in dilute 
solutions and reported the presence of 1 to 6 mg. of creatinine in 100 gm. of 
dog muscle. To this creatinine he attached considerable metabolic sig- 
nificance. Quite recently he has made the e.xperimental details of these 
interesting and important studies available.” In a single experiment 


’ L. B. Mendel and C. S. Leavenworth: Am. Jour. Physiol., xxi, p. 
100, 1908. 

® E. Mellanby: Jozir. Physiol., xxxvi, p. 455, 1907-08. 

® R. Gottlieb and R. Stangassinger: Zlschr. f. physiol. Chem., lii, p. 1, 
1907. 

”> T. G. Brown and E. P. Cathcart: Biochem. Jour., iv, p. 425, 1909. 

” D. N. Baton: Jour. Physiol., xxxix, p. 489, 1909-10. 

” R. A. Chisolm: Biochem. Jour., vi, p. 244, 1911-12. 

” V. Scaffidi: Biochem. Zlschr., 1, p. 402, 1913. 

i‘P. A. Shaffer and E. A. Reinoso: this Journal, vii, pp. xiii and xxx, 
1910. 

” Shaffer: ibid., xviii, p. 525, 1914. 
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carried out in connection with other work in 1912, Folin and Denis'® reported 
the presence of a trace of creatinine in normal cat muscle. 

Our studies on creatine and creatinine likewise led us to an investi- 
gation of this problem, and, independently of the work of Shaffer, we 
developed a method which we believe satisfactorily answered the ques- 
tion regarding the presence of creatinine in muscle." Since our method 
was described, Folin'® has suggested a very' simple procedure for the esti- 
mation of the preformed creatinine in tissues in general. Below are tabu- 
lated results obtained by our original method as well as a few additional 
figures obtained by Folin’s new method. 


Creatinine content of muscle. 




^ cREATI^^^a: 


SOURCE or 
M^-TEBIAL 

1 D STE 1 

I CONTENT 
[ or FRCsn 

REM KV.-KS ’ 


j 1 

1 MCSCtE 

1 



Authors’ method. 


1 mg. per 100 

I 

Rabbit 65 June 9, 1913 6.4 

Rabbit 66 June 13, 1913 6.4 

Rabbit 67 June 19, 1913 8.8 

Rabbit 69 June 27, 1913 9.2 

Rabbit 73* Aug. 4,1913' 7.0 Creatine injection. 

Rabbit 74* Aug. 4, 1913 ^ 9 0 Creatinine injection. 

j a 3.7 I Clarified by colloidal iron. 

Rabbit 75 Sept. 17, 1913 , Clarified by precipitated ferric 

I hy'droxide. 

Ic 3.8 ' Clarified by alumina cream. 

Rabbit 77f Sept. 30, 1913 . 6 8' 

Rabbit 82 Dec. 6,1913' 7.1 i\ . . , . . 

Rabbit 83 ' Dec. 10, 1913 5 0 7 given phlorhizm. 

Rabbit 84 ' Feb. 14, 1914 ' 12 9 | [fn^als died after feeding with 

Rabbit 85 I Feb. 14, 1914 14 5 ' 1 We amounts of “glidin,” al- 

; I I ibuminuria, nephritis (?). 

Cat 17 I Nov. 10, 1913 4 8 

Dog 6 I Nov. 3, 1913 5.0 I 

Humane 1 Jan. 30, 1914 | 7.0 1 Diabetes, glomerular nephritis. 

Human 7 j Feb. 3, 1914 ' 2.9 j Pneumonia. 

•Myers and Fine: this Journal, in, p. ITi. ISIS, 
t Fine and Myers: Proc. Soe. Ezper. Biol, ond Med., xi, p. 15, 1913. 

“ 0. Folin and W. Denis: ihid., xii, p. 151, 1912. 

" Myers and Fine: iUd., w'ii, p. 65, 1914. 

"Folin: ibid., xvii, p. 475, 1914. 
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Cnafinine conlenl of muscle — Continued. 


sorncE OF 
MATERIAL 

DATE 

CREATININE 
CONTENT 
OF FRESH 
MUSCLE 

REMABm, 

Folin’s method. 

Rabbit 88 

Oct. 19, 1914 

4.5 

1 

Rat 19 

June 12, 1914 

4.0 


Rat 20 

June 12, 1914 

8.0 


Cat 18 

Apr. 7, 1915 

5.9 


Hen 1 

Feb. 26, 1915 

< 

r 1.6 

Leg muscle. 




(. 5.3 

Breast muscle. 

Hen 2 

Mar. 2, 1915 


f 1.9 

Leg muscle. 



1 

L 5.0 

Breast muscle. 

Human 9 

June 26, 1914 , 

1 5.7 

Amputation of leg for sarcoma. 

Human 11 

Mar. 3, 1915 

2.6 

Amputation of log for gangrene. 



1 

6.8 

Pectoral muscle ] interstitial nc- 

Human 10§ 

Jan. 19, 1915 



1 phritis, 



( 

6.8 

Heart muscle J uremia. 



1 

18.1 

Psoas muscle 1 interstitial nc- 

Human 12 

Mar. 23, 1915 



1 phritis. 



1 

15.5 

Heart muscle J uremia. 

Human 13 

Apr. 12, 1915 

4.0 

Cholelithiasis. 

Uterus 2 

Apr. 21, 1915 

1.2 

Fibroid. 

Uterus 3 

Apr. 22, 1915 

2.2 


Thyroid 

Apr. 5. 1915 

1.1 

Exophthalmic goitre. 

§ Myers and Fine: this Journal, xx 

p. 397, 1915. 



Essentially the same range of figures is found with the two 
methods employed, the values likewise being comparable with 
those obtained by Shaffer. Our own method has not been directly 
compared with that of Folin, since we have satisfied ourselves 
that both methods give comparatively accurate results. Ob- 
viously where such small quantities of material are cons'dered, 
it is difficult to avoid slight sources of error, amounting in some 
cases possibly to 5 to 15 per cent, but this can in no way invali- 
date the conclusions to be drawn. With our method an appre- 
ciable length of time is required for evaporation with an air 
current, while with the Folin method, complete extraction of the 
creatinine is obviously difficult. In our work with the Folin 
method we have preferred after grinding the muscle with sand, 
to extract with water instead of saturated picric acid, previous 
to the final addition of the dry picric acid. On account of its 
greater simplicity Folin’s method for the determination of the 
creatinine is to be preferred to our own. 
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Disctrssiox. 

Since creatinine is eliminated in the urine in considerable 
quantity, it obviousl 5 ^ must be present in the tissues, as indeed 
Folin^® argued ten years ago. It is e^ddent from the data tabu- 
lated above that preformed creatinine is always present in muscle 
tissue. Furthermore, as pointed out by Shaffer^® and noted bj' 
Folin and Denis, the quantity of creatinine present in the mus- 
cle is much greater than that of the blood,- liver, or in fact any 
other tissue. The following analj'ses from the tissue of a cat 
illustrate this point (figures calculated in mg. per 100 grams of 
tissue): muscle, 5.9; spleen, 4.0; smooth muscle (stomach), 3.2; 
liver, 2.8; and blood, 2.4. The fact that the greater portion of 
the prefonned creatinine present in the body is foimd in the 
muscle strongly suggests that this is the chief creatinine-forming 
tissue. Apparently the blood is unable to remove the creatinine 
from the muscle quite as rapidly as it is formed. The objection 
to this argument maj' be offered that the muscle tissue has some 
special affinity for the creatinine as it has in a far greater degree 
for creatine. That this is not the case seems e\'ident from the 
fact that in severe uremia in the human subject and in rabbits 
with double nephrectomy, both of which are accompanied b}- 
a marked retention of creatinine, the concentration of creatinine 
in the blood may rise considerably above that of the muscle 
tissue.^ These observations all strongly support the mew long 
held by Shaffer^^ and ourselves"* that he urinarj- creatinine finds 
its origin chiefly in the muscle tissue. 

Folia: Am. Jour. Physiol., xiii, p. S4, 1905. 

Shaffer: loc. cii. 

Folin and Denis: ibid., xvii, p. 501, 1914. 

From the blood analyses reported by Folin and Denis (this Journal, 
xvii, p. 4S7, 1914) and M 5 'ers and Fine (ibid., xx, p. 391, 1915), it is evident 
that normally the creatinine of the blood amounts to 1 to 2 mg. per 100 
cc., or about one-fourth that found in the muscle. 

The experiments containing these data rvill be described in another 
paper. 

-‘Shaffer: Am. Jour. Physiol., xxiii, p. 4, 190S-09. 

Myers: Am. Jour. Med. Sc., cxxxix, p. 256, 1910. Myers and Fine: 
this Journal, xiv, p. 24, 1913. 




THE METABOLISM OF CREATINE AND CREATININE. 


NIKTH PAPER. 

THE CREATimS CONTENT OF THE MUSCLE OF liATS FED ON 
ISOLATED PROTEINS. 

Bt victor C. amSRS AM) MORRIS S- FINE. 

{From the Laboratory of Pathological Chemistry, New York Post-Graduate 
Medical School and Hospital, New Yor}:,) 

(Received for publication, April 24, 1915.) 

The possible origin of creatine from arsine has long been a 
subject of discussion, 1 although no direct evidence has as yet 
been presented which conclusively proves arginine to be the 
mother substance of creatine. Through the courtesy of Doctor 
Osborne and Professor Mendel we bav'e had the opportunity of 
determining the creatine concentration of the muscle of rats, 
some of which had been fed on a protein rich in arginine, others 
on a protein comparatively poor in its yield of arginine. In most 
of the experiments in question the sole protein was either edestin 
or casein, the former yielding 14 per cent arginine, the latter 4 
per cent.- 

From the data tabulated below it is apparent that the con- 
centration of the muscle creatine of all the animals is quite uni- 
form, although slightly lower values are noted in the casein 
series, when compared with the edestin and control rats. We 
hesitate at the present time, however, to draw definite con- 
clusions from these slight differences, since they may possibly 
be attributed to variations in the nutritive conditions of the 


‘ See C. J. C. van Hoogenhuyze and H. Verploegh: Ztsehr. f. physiol. 
Chem., xlvi, p. 433, 1905. M. Jaff5: ibid., xlviii, p. 464, 1906. K. Inouye: 
ibid., Isxxi, p. 71, 1912. See also O. Riesser: ibid., Ixxxvi, p. 415, 1915, 
and A. Palladin and L. Wallenburger: Compl. rend. Soc. de biol., Ixsaiii, 
p. in, 1915. 

’ T. B. Osborne: The Vegetable Proteins, New York, 1909, p. 59. 
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two sets of animals,® and furthermore are scarcelj'- beyond the 
limits of accuracy with the colorimetric method. 


Creatine content of the muscle of rats fed on isolated proteins. 


OSDORNE AND 
MENDEt.*S 
SERIAL NO. 
SEX 

AGE 

■WEIGHT 

DIET 

(protein) 

MUSCLE ANALYSES 

Water 

Creatine 


days 

gm. 


per cent 

per cent 

1592d’ 

375 

305 

Casein 

73.7 

0.453 

2030 cf 

139 

246 

U 

76.3 

0.454 

2098 o’ 

114 

211 

u 

73.3 

0.453 

2005d’ 

149 

206 

(C 

71.2 

0.464 

1636 9 

372 

198 

tc 

72.3 

0.453 

1973 cf 

169 

194 

u 

74.6 

0.458 

2106cf’ 

115 

175 

tt 

73.6 


1919 9 

192 

161 

t< 

72.7 

mm 

1988 9 

186 

160 

ti 

72.3 


2134cr 

80 

157 

It 

74.1 

0.453 

2145 9 

79 

124 

it 

74.8 

0.464 

1615d’ 

377 

303 

Edestin 

74.4 

0.476 

1893 cT 

217 

295 

tt 

73.9 

■SSI 

1948 cf 

191 

260 

tt 

74.2 

mm 

1593 <f 

391 

255 

tt 

75.0 

mgm 

1920 9 

ko 

187 

tt 

74.9 

0.470 

1927 9 

190 

150 

tt 

72.7 

0.46S 

2110 9 

110 

128 

tt 

74.6 

0.464 

1346 cf 

466 

247 

Lactalbumin 

74.2 

0.464 

2115cf 

95 

173 

if 

74.1 

0.458 

1545 9 

450 

213 

Mixed-control 

75.3 

0.476 

1939 9 

236 

160 

Mixed-control 

76.0 

0.475 


In an earlier communication'* we called attention to the very 
uniform results that were obtained for the creatine content of 
the muscle of certain animals, particularly the rabbit, and sug- 
gested that this might ultimately be found to be the underlying 
factor in the constancy in the excretion of creatinine. Our 
results, as we then pointed out, were in accord with the findings 


® For discussion of this phase of the subject and records of a number 
of the rats in the present series, sec T. B. Osborne and L. B. Mendel '.this 
Journal, xx, p. 351, 1915. 

* V. C. Myers and M. S. Fine; ibid., xiv, p. 9. 1913. 
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of Dorner^ and ]\'Iellanby® for this animal, and have been con- 
firmed by the experiments of Riesser, and Palladin and Wallen- 
burger.'^ The more recent observations of Baumann® on two 
in which the analyses were checked by different methods 
also harmonize with our results. 

In a still more recent communication Folin and Buckman® 
have taken exception to this view. From their results they 
conclude that “the variations found” (in the creatine content 
of muscle) “appear to be too large to permit the use of average 
figures in calculations as to the 'alleged relationship between the 
creatinine elimination and the total amount of creatine in the 
tissues.” In their paper they criticize the extraction method 
for the determination of creatine on the basis of its representing 
minimal values. This supposition scarcely finds support, in our 
published data when one notes the comparatively imiform 
results which we obtained. If carefully carried out, the loss 
in the extraction method is certainly less than 1 per cent, or 
within the limits of accuracy with the colorimetric method. In 
our original experiments'® constant values were foimd for the 
creatine content of the muscle of the rabbit and dog, but not 
for the cat. We suggested at that time that the variations in the 
cat muscle might find explanation on the basis of differences in 
diet and general nutrition. With regard to our rabbits, it may 
be noted here that they were fed upon a comparatively uniform 
diet. The dogs were miscellaneous animals killed in the laboratory 
for other purposes shortly after being received. No particular 
comments can be made with regard to their diet, except to men- 
tion that they probably had not been overfed. In this case the 
analyses were made at different times and entirely independently 
of each other. 

® G. Dorner: Zlschr. f. physiol. Chem., lii, p. 259, 1907. 

® E. Mellanby; Jour. Physiol., xxxvi, p. 447, 1907-08. 

'Riesser (loc. oil., p. 444) found in his six control rabbits, 0.528, 
0.521, 0 521, 0.521, 0.521, and 0.521 per cent of creatine in the muscle; 
while Palladin and Wallenburger (loc. dl.) found for the muscle of their 
eight normal rabbits the following figures: 0.522, 0.528, 0.517, 0.522, 0.545, 
0.539, 0.522 and 0.526 per cent creatine. 

' L. Baumann: this Journal, xvii, p. 15, 1914. 

’ 0. Folin and T. E. Buckman: ibid., xvii, p. 483, 1914. 

'“hlyers and Fine: loc. cit. 
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We do not intend to imply from the above remarks that the 
muscle creatine of the rabbit, dog, and rat may not vary from the 
rather narrow limits of our reported analyses. It is evident from 
our starvation experiments” on rabbits that wide variations may 
be encountered in undernutrition, and we may further note 
that in our first series of experiments 0.602 per cent creatine was 
found in the muscle of Rabbit 18, and 0.427 per cent in Rabbit 22. 
These figures w'ere not included in our table because the rabbits 
were unhealthy animals. 

It seems quite evident from the data at hand” that muscle 
tissue is able to absorb appreciable amounts of creatine. Since 
the cat is a carnivorous animal, and obviously consumes varying 
amounts of creatine, this w'ould appear to afford an explanation 
for the variations in the concentration of muscle creatine. The 
diets of our rabbits and rats, on the other hand, were creatinc- 
and creatinine-free in the usual sense, and on this account it would 
not be unreasonable to expect a fairly uniform content of creatine 
in the muscle tissue in these animals under normal conditions. 
Such we believe to be the case. 

Since Folin and Buclonan have questioned the accurac}'’ of the 
extraction method for the estimation of creatine in muscle tis- 
sue, the procedure employed in the present analyses will be briefly 
described: 10 to 20 gram samples of the finely ground muscle, 
which had been preserved in alcohol, were treated with about 
5 volumes of 0.01 N acetic acid in casseroles and heated on the 
water bath until protein coagulation was complete. The material 
was then filtered through a folded hardened filter paper, the 
coagulum 2 ’eturned to the casserole and extracted with about 200 
cc. of hot water, filtered, and the process repeated a third time. 
The combined filtrates were then concentrated in an evaporating 
dish on the water bath and finally made up to a volume such that 
100 cc. represented 10 grams of muscle. A fourth extraction was 
ahvays made but rarely gave, after evaporation and on hydroly- 
sis, more than a slight, if any, reaction for creatinine. It is not 
believed that the loss by this method as here carried out was 
ever over one-half of 1 per cent. The creatine was transformed 

” Myers and Fine: this Journal, xv, p. 2S3, 1913. 

Myers and Fine: ibid., xvi, p. 169, 1913-14. 0. Folin and \V. Denis. 
ibid., xvii, p. 493, 1914. 
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to creatinine and estimated in the manner previousl 3 ’^d escribed,'^ 
dilution being made to 200 cc. for the colorimetric reading, 
wherebj’’ the readings all fell between 7.9 and 8.3 mm. on the 
scale of the Duboscq colorimeter, the latest model being em- 
ploj’ed. Since a half dozen extractions may be simultaneously 
carried out, the method is not especially time-consuming. With 
human tissue the same extract has been employed to advantage 
for the estimation of uric acid, urea, and chlorides. 

In some instances we have emploj^ed Folin’s*^ new method as 
well as the extraction method, generally with good agreement be- 
tween the two procedures. When discrepancies have occurred, 
however, the low results have been with the Folin method. 

The assertion of Folin and Buckman that all determinations 
made on the basis of the extraction method represent minimum 
values, is not supported by our analyses nor by those of Bau- 
mann. Folin and Buckman have offered no evidence in support 
of the greater accuracj' of their method; and in view of the 
widel}' varying figures yielded by it, their criticism of the uni- 
form results obtained b}" various workers does not appear to us 
well founded. 


CONCLUSIONS. 

The creatine content of rat muscle varies vdthin comparativelj”^ 
narrow limits, at least under the dietarj’- conditions of the animals 
here considered. The concentration of the muscle creatine does 
not appear to be markedl}'^ influenced bj-^ the feeding of proteins 
having a high or low content of arginine, although it should be 
noted that on the casein diet (poor in arginine) the content of 
creatine appears to be slightly lower than the control and edestin 
rats (about 2.5 per cent below that of the edestin animals). 

“Myers and Fine: ibid., xvii, p. 67, 1914. 

“Folin: ibid., xvii, p. 480, 1914. 




CHANGES IN THE FAT CONTENT OF FECES PRESERVED 
BY FREEZING WITHOUT THE ADDITION 
OF A PRESERVATIVE. 

Bt C. a. smith, RAYMOND J. MILLER, and PHILIP B. HAWK. 

{From the Laboratory of Physiological Chemistry, Jefferson Medical College, 

Philadelphia.) 

(Received for publication, April 20, 1915.) 

In connection with some experiments concerning the relative 
degree of digestion and utilization of lard and hj-^drogenated veg- 
etable oils,^ opportunity was offered for the study of the effect 
of freezing on the fat of feces to which no preservative had been 
added. ThjTnol is frequently used for the presentation of feces, 
but since fat was to be determined in the preserved material 
by extraction with ether, it was thought not advisable to use 
tWs preservative; and as there were some difficulties connected 
with the use of any other substance, it was decided to try the 
effect of freezing alone. The possibility that simple freezing 
would be sufficient was suggested by work of Howe, Rutherford, 
and Hawk,- who showed that freezing was a suitable method 
for preserving thjonolized feces in which nitrogen was to be 
determined. 

Feces were collected from two subjects who were on diets of 
uniform fat content during two periods of eight days each. The 
two periods were separated by an interval of three days. Sub- 
ject S received 92.0 grams of fat per day throughout the first 
period, and 94.0 grams of fat. per day during the second period; 
whereas Subject M received each day of the two periods 94.4 
grams and 96.6 grams respectively. Each day’s stool was col- 
lected in a weighed, fiat, porcelain plate and was thoroughlj’’ 
mixed immediately after defecation. The mixing was done with 

‘ Smith, Miller, and Hawk: unpublished. 

’ P. E. Howe, T. A. Rutherford, and P. B. Hawk: Jour. Am. Chem. Soc., 
xxxii, p. 1683, 1910. 
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Fat Content of Feces 


the aid of a weighed steel spatula. After mixing, the total weight 
of the plate, spatula, and stool was obtained on a torsion balance, 
and the weight of the stool thus obtained by difference. One- 
tenth of the stool was at once placed in a weighed friction-top 
can, as part of the composite for the period, and quickly frozen 
in a biine tank at —12° C. The composite cans were removed 
from the freezing tank each day for the addition of the daily 
portions. In this way some slight thawing occurred during the 
time the cans were out of the brine tank. This thawing was 
relatively small as the size of the composite increased. Another 
part of the day’s stool wms quickly transferred to a glass-stoppered 
w^eighing bottle. This portion of each day’s stool was at once 
analyzed for total fat, fatty acid, and neutral fat. The weigh- 
ing bottle contained, in addition to the feces, a glass rod, the end 
of which was flattened and bent in the form of a hoe. This 
glass hoe was used in transferring the feces from the weighing 
bottle to the cylinder in which the material was extracted. 

Some time after the end of the entire experiment (about five 
weeks after the first sample was taken) the composite cans, 
containing one-tenth of each day’s stool, were removed from the 
brine tank, thawed, thoroughly mixed, and weighed. The weight 
of the can was subtracted in order to obtain the weight of the 
composite feces. Ten times this weight, then, represented the 
total stool of the period. After mixing and weighing, a sample 
was transferred to a weighing bottle and immediately analyzed 
for total fat, fattj’- acid, and neutral fat. The values obtained 
from the composites were calculated to the total feces of the 
periods. These were compared with the respective eliminations 
calculated to the total feces from the analysis of the daily stools. 
The comparisons of the total fat, fatty acid, and neutral fat in 
the composite feces of the four periods, with total fat, fatty acid, 
and neutral fat in the daily feces for the same periods, are shown 
in Tables I, II, III, and IV. The composite feces were frozen, 
whereas the daily samples were analyzed in the fresh condition. 

The Saxon method® was used for the determination of the total 
fat, fatty acid, and neutral fat of the feces. The method proved 
to be speedy, convenient, and accurate, and seems to overcome 
most of the disadvantages of simple extraction methods as sum- 

’ G. J. Saxon: this Journal, xvii, p. 99, 1914. 
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marized by Gepbart and Csonka,’ who apparentl3' failed to con- 
sider the Saxon method. 




TABLE I- 

Subjecl S. First period. 


N'ErTRvL FAT 

STOOL 

1 

•WEIGHT 

1 

TOTAL TKT j 

F^TTT AaO 

J 


t 

gm. 

em. j 

gm. i 

gm. 


1 

42.0 

1.39 1 

0.28 • 

1.11 

j 

2 

90.6 

3.47 j 

1 33 > 

2.14 


3 

139.8 


1.33 1 

2.35 

i 

4 

245.3 

6.00 j 

2.84 ■ 

3 16 

Daily | 

5 

189.5 

3.77 \ 

1.59 1 

2.18 

(unfrozen) 

6 1 

142.2 

3.12 

1 51 i 

1.61 


7 ^ 

179.3 

4.54 

1.72 : 

2.82 

1 

8 

103 4 

2.41 

1 00 1 

1.41 

I 

9 1 

99.3 f 

2.92 

.33 ' 

2.59 

1 

10 

34 8 1 

1.81 

.50 ' 

i 

1.31 

Totals 

i 

1266 2 

33 61 

12.93 i 

20.68 

Composite (frozen) ' 


27.20 

14.52 1 

12.38 

Differences 

1 


-6.41 

-hi 59 ! 

i 

-8.00 



TABLE U. 




Subject S. Second period 



STOOL 

WEIGHT 1 

] 

TOTAL FAT 

fattt Acn* 

N-ECTHAL FAT 


1 

gm. * 

gm. 

gm. 

j ffrt. 


1 ] 

254.1 , 

3.64 

1.42 

2.22 


2 

231.7 j 

4.67 

2.04 

2.63 


3 

107.7 

3.32 

1.19 

2.13 

Daily 

4 

377.5 j 

10.15 

4.19 

5.96 

(unfrozen) 

5 

79.0 i 

3.22 

1.42 

1.80 


6 

254.1 1 

8.37 

3.43 

4.94 


7 

114.0 

3 30 

1.34 

1.96 


8 

1 178.2 , 

5-. 16 

1.82 

3.34 


9 

; 87 8 i 

1 

3.41 

0.49 

2.92 

Totals 

1684.1 1 

45.24 

17.34 

27.90 

Composite (frozen) 


j 41.47 

24.75 

16.72 

Differences 

i 

-3.77 

+7.41 

-11.18 


* F. C. Gephart and F, A. Csonka: ibid., sax, p. 521, 1914. 
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TABLE III. 


Sxibject M. First period. 


1 

STOOL 

ATEIGHT 

TOTAL FAT 

FATTY ACID 

neutral FKT 





gm. 

gtn. 

1 

1 

172.2 

4.00 

1.39 

2. 61 


2 

86.0 

2.31 

0.95 

1.36 


3 

191.0 

3.82 

1.99 

1.83 

Daily 

4 

111.8 . 

3.44 

1.64 . 

1.80 

(unfrozen) 

5 

220.9 i 

5.58 

3.08 

2.50 


6 

190.7 

6.43 

1.58 

4.85 


7 

448.2 

8.15 

3.58 

4.57 


S 

346.9 

7.95 

2.36 

5.59 


9 

1 

95.0 

1 

3.40 

1 

1.36 

2.04 

Totals 

1862.7 

45.08 

17.93 

27.15 


Composite (frozen). . . . 


38.84 

27.72 

11.12 

Differences 


-6.24 

+9.79 

-16.03 




TABLE IV. 


Subject M. Second period. 


STOOL 

WEIOnT 

TOTAL FAT 

FATTY ACID 

neutral fat 



gnu 

gm. 

gm. 

gm. 


1 

92.9 

3.95 

1 96 

1.99 


2 

179.3 

7.81 

1.89 

5.92 


3 

280.5 

9.05 

4.49 

4.50 

Daily 

4 

189.5 

7 03 

3.45 

3.58 

(unfrozen) 

5 

253.2 

6 76 

3.70 

3.00 


15 

421.7 

8.52 

4 47 

4.05 


7 

387.0 

6.65 

3.60 

3.05 


8 

425.5 

6.51 

3.57 

2.91 

Totals 

2229 6 

56 28 

27.13 

29.15 

Composite (frozen) 


50 49 

34 78 

15.71 

Differences 




-5.79 

+7.05 

-13.44 


Gephart and Csonka state that; "‘The simple extraction methods can 
be discarded after a few considerations, the most important of which arc 
the following: 

(a) The material to be extracted must be dried and finely powdered or 
a very slow wet extraction must be resorted to, in which latter case the 
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extract obtained will not be a true extract of the solvent employed but 
will contain some water-soluble material. 

(b) A large proportion of the fatty acid complex in feces is in the form 
of soaps, which are either wholly or in part insoluble in the solvent. 

(c) TTie solvent extracts materials other than fat, such as cholesterin, 
coloring matter, etc., which may constitute 50 percentof the total extract. 

(d) Solvents do not come in intimate contact with the material; after 
the extraction has proceeded for a time there is always more or less 
'packing.’ ” 

All of these objections, with the exception of (c), are over- 
come by the Saxon method, and in much work in which uniform 
diets are fed the error due to removal of material other than 
fat is constant and hence not of moment. The Saxon method 
is carried out with moist material, yet it is not slow; and since there 
is a subsequent purification of the first extract bj’' means of petro- 
leum ether, the objection of extracting water-soluble material 
does not hold. The difficulty due to the non-solubility of soaps 
in ether is avoided by first breaking up the soaps by means of 
hydrochloric acid. This affords a ready means of determin- 
ing, on a separate sample without adding hydrochloric acid, 
the amount of fatty acid originally present in the form of soaps, 
which point is of considerable importance in certain instances 
of intestinal disturbance.^ The objection on the ground of “pack- 
ing” is obviously not applicable to the Saxon method, in which 
the three five minute periods of shaking serve to keep the material 
finely dirdded and in intimate contact with the solvent. 

From the data given in the foim tables it will be seen that there 
was in all cases a decrease in the total fat of the frozen fece^. 
It will be noted also that in the feces which had been frozen 
for the longer time (Tables I and III) there was a greater loss of 
total fat, 6.41 grams and 6.24 grams respectively, than was the 
case with the feces frozen for the shorter time (Tables II and IV), 
in which the loss was only 3.77 grams and 5.79 grams respectively. 
The losses of total fat do not appear to be uniform, however, 
for feces from different individuals. The destruction of fat seems 
to be roughly proportional to the length of time the material 
had been kept, and it is probable that this destruction was caused 
by bacterial action, although no attempt w'as made in this experi- 
ment to determine this point. 

‘P.J.Cammidge: r/ie Faece« of Adults and Children, Bristol, 1914, p. 266. 
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There is to be noted in all cases, in addition to the destruction 
of total fat, a marked decrease in the amount of neutral fat, and 
considerable increase in the amount of fatty acid, in the frozen 
feces as compared with the corresponding values in the fresh 
feces. There seems to be no direct relation between the increase 
in fatty acid and the length of time the feces were frozen. The 
increases of fatty acid in the feces of the first periods (frozen for 
the longer time) were 1.59 grams and 9.79 grams respectively 
(Tables I and III), while the increases of fatty acid in the feces 
of the second periods (frozen for the shorter time) were 7.41 
grams and 7.65 grams respectively (Tables II and IV). It is 
thus seen that the losses in neutral fat (8.00, 11.18, 16.03, and 
13.44 grams respectively) were due partly to the actual destruc- 
tion of fat, and partly to lipolytic conversion of the neutral fat 
into iatty adds. Furthermore, as there seems to he no rehtion 
between the amount of fat actually destroyed and the amount 
of fatty acid formed, it may be that the splitting of the fat is 
riot a necessary preliminary to its destruction. There is appar- 
ently little uniformity in the amounts of fatty acid formed in 
the different samples, which indicates a variation in the amount 
or activity of lipase present. No determinations were made of 
this enzyme, however. In connection with the lipolysis in frozen 
feces, which were kept at — 12° C., the work of Pennington and 
Hepburn® and of Pennington, Hepburn, and Connolly’^ is of in- 
terest. They were able to show that the lipase of chicken fat 
was inhibited in its action at low temperatures ( — 12° C. was the 
lo.west used), but that there was not a complete arrest of activity. 
Richardson® has shown, also, that pancreatic lipase (hog) retains 
some activity at freezing temperatures for two or three months. 
From the fact that there is a change of fat into fatty acid in feces 
kept at —12° C., it is evident that pancreatic or intestinal lipase 
in feces must be at least slightly active at that low temperature. 

' M. E. Pennington and J. S. Hepburn; Jour. A7n. Chein Soc., xxxiv, 
p. 210, 1912. 

^ Pennington, Hepburn, and E. L. Connolly: this Journal, xvii, p. xliv, 
1914. 

* W. D. Richardson: Premier CongrOs International du Froid, Rapports 
ct Communications, ii, p. 315 190S. 
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We wish to take this opportunity of expressing our thanks 
to Dr. Gordon J. Saxon for helpful suggestions in regard to the 
details of the fat method. 

CONCLUSIONS. 

1. The fat of feces kept at a temperature of —12° C. under- 
goes both hydrolysis (shown by the increase in fatty acid) and 
actual destruction (shown by the decrease in total fat). No 
attempt was made to determine the exact cause of the decrease 
in total fat. 

2. Simple freezing without the addition of a preservative is 
not applicable to the preservation of feces in w’hich fat is to be 
determined. 

3. The Saxon method for the determination of fat in moist 
feces avoids most of the objections to w'hich other simple extr-ac- 
tion methods are subject, and has the added advantage of allow'- 
ing for the differentiation between neutral fat and fatty acids 
(free and combined as soaps). 




THE QUATERNARY SALTS OF HEXAMETHYLENE- 
TETRAMINE. 


V. MONOHALOGENACETYL DERIVATIVES OF AMIWOALCOHOLS 
AND THE HEXAMETHYLENETETRAMINITJM SALTS 
DERIVED THEREFROM.' 

By WALTER A. JACOBS and AUCHAEL HEIDELBERGER. 
[From the Laboratories of The Rockefeller Institute for Medical Research.) 

(Received for publication, April 30, 1915.) 

The only reference to be found in the literature to the halo- 
genacet3''I derivatives of the aminoalcohols or alcamines is that 
contained in the work of Einhorn and his collaborators.- In 
the communications of these authors the halogenacetyl derivatives 
of the simplest alcamine, aminomethanol, are described, and 
along with these the quaternarj’- salts obtained by combining 
them with hexamethjdenetetramine. The present authors have 
had occasion to work somewhat extensively in this field and 
have made the results of these investigations the subject of 
the present communication. 

In the biological studies with which the chemical work was 
associated, the results obtained at the time with certain members 
of this class of hexamethylenetetramine quaternary salts were 
such as to demand a detailed study of the field. It had been 
hoped at first that b}’’ concentrating our attention on the sim- 
plest member of the series, chIoroacet3daminomethanol, in the 
way of acylating the hydroxyl group vdth a great variet3' of acids, 
a uniform series of substances would be obtained for biological 
study. 

The acylation of the hydro.xyl group to form chloroacetylamino- 
meth 3 d esters was readity accomplished by the use of the P 3 Tidine 
method. In attempting, however, to combine these esters with 

' For the preceding papers of this series, see this Journal, xs, pp. 659 
.and GS5; x.\i, pp. 103 and 145. 

-A. Einhorn and collaborators: Ann. d. chem., ccc.xliii, p. 207, 1905; 
ccclxi, p. 113, 190S. 
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hexamethylenetetramine, although addition occurred, we found 
it impossible to isolate the product sought. In each case the 
product obtained was the quaternary salt of the base with chloro- 
acetylaminomethanol. It is possible that moisture was responsi- 
ble for the saponification of the quaternaiy ester salt which was 
first formed. 

By turning to the higher aminoalcohols the results obtained 
were more promising. Both the chloroacetylarainoalcohols and 
the esters derived from them reacted smoothly with hexamethyl- 
enetetramine to form stable salts. With chloroacetjdamino- 
ethanol, in particular, a large number of esters were prepared and 
combined with hexamethylenetetramine, forming a uniform 
series of compounds suited for the biological work. The chloro- 
acetylaminoalcohols were prepared from the aminoalcohols and 
chloroacetyl chloride by the Schotten-Baumann method, and, 
in the case of the aliphatic compounds, were purified by dis- 
tillation in high vacuum. The esters of chloroacetylaminoethanol 
were prepared by the acylation of this substance with the acid 
chloride in p3Tidine solution, and in some cases, though less ad- 
vantageously, by the chloroacetylation of the aminoothyl esters 
obtained by Gabriel’s method.® 

This last procedure was also attempted with the esters of 
7-aminopropanol and aminoisopropylalcohol, but the chloroace- 
tylation by the Schotten-Baumann method was found to be 
uncertain. The aminopropyl esters obtained by the rearrange- 
ment of the bromopropylamides according to Gabriel’s method 
were isolated as the hydrobromides. In attempts to chloro- 
acetylate these with chloroacetyl chloride and alkali, the amino- 
propyl ester liberated by the alkali as free base rapidly rearranged 
to the oxypropylamide, and the product obtained was either a 
mixture of the chloroacetylaminopropyl ester and the chloroacc- 
tate of oxypropylamide or the latter alone. In the case of the 
aminoisopropyl ester of p-nitrobenzoic acid the rapidity of this 
rearrangement was very striking. The most suitable method 
for obtaining the chloroacetylaminopropyl esters, provided the 
parent aminoalcohols are accessible, is by direct acylation of 
the chloroacetylaminoalcohols. 

* S. Gabriel and P. Heymann: Bcr. d. deulsch. chon. GescUsch., x.viii. 
p. 2493, 1890. 
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The work was extended to include the derivatives of secondary 
aminoalcohols with the nitrogen substituted both by alk 3 d and 
aryl groups. The chloroacetj’l derivatives of this type either 
did not react with hexamethylenetetramine or reacted so slowly 
that only in one or two cases was it possible to isolate a crystal- 
line salt. Although the bromo- and iodo-derivatives reaeted 
more rapidly, we were unable to isolate the products formed in 
crystalline condition. The bromo- and iodo-derivatives them- 
selves proved to be substances difficult to obtain cr 3 '^stalline. 

EXPERIMENTAL. 

As in the preceding papers of this series, the hexamethylenetet- 
raminium salts were prepared, unless otherwise stated, by boil- 
ing equimolecular amounts of the components in a small volume 
of dry, alcohol-free chloroform. With one or two exceptions, 
which are noted as they occur, the hexamethylenetetraminium 
salts described in this communication are readil 3 ’- soluble in 
water. We wish also to reiterate here what was stated in the 
first paper, that the melting points or rather decomposition 
points of these quaternary salts depend greatly upon the mode 
of heating and that for this reason the determination of the 
corrected melting points was useless. 

Unless otherwise stated, the following method was used for 
the preparation of the esters of the chloroacetylaminoalcohols 
described below. This is given here in order to avoid unnecessary 
repetition. The chloroacet 3 dammoalcohol was dissolved in five 
parts by weight of p 3 Tidine, cooled in a freezing mixture, and 
carefully treated with a solution of 1.25 mols. of the acid chloride 
in a little dry, alcohol-free ether or chloroform. After standing 
for fifteen to thirty minutes at room temperature, the mixture 
was poured into iced 25 per cent sulphuric acid. If the reaction 
mixture is allowed to stand too long the yields are reduced, 
apparently owing to the formation of soluble pyridinium salts. 
The esters generally separated as oils which rapidly solidified, 
in some cases only after the removal of the ether or chloroform 
by means of a current of air. The crude products were thoroughly 
washed first with dilute sulphuric acid, then with 5 per cent 
sodium carbonate solution, and finally with water. Variations 
from the above procedure are denoted below as the 3 ’- occur. 
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Halogen in the intermediate products was determined by the 
Volhard method after hydrolysis with 10 per cent alcoholic sodium 
hydroxide. 


(1) Oxymethylchloroacetamide and derivatives. 

Oxymethylchloroacetamide and hexamethylenetetramine. This 
substance, already obtained by Einhorn and Gbttler,^ was more 
conveniently prepared by us as follows: Equimolecular amounts 
of the components were boiled for one and one-half to two hours 
in about ten parts of acetone. The precipitated salt was filtered 
off and washed well with dry chloroform. An additional amount 
was obtained by continued boiling of the filtrate from the first 
crop. As prepared in this way, the salt melts with decomposi- 
tion at 154r-5° and is not hygroscopic, as stated by the above 
authors. Yield; almost quantitative. 

0.2435 gm. of substance required 9.13 AgNOj Solution I.® 

43alculated for CsHisOjNsCl; Cl = 13.45 per cent. 

Found: Cl = 13.20 per cent. 

Chloroacetylaminomethyl benzoate, CICH 2 CONHCH 2 OOCC 6 H 5 . 
The ester, obtained by the method outlined above, was recrys- 
tallized twice from absolute alcohol, then once from toluene. 
It forms prismatic rods which melt at 73-3.5° (corrected) with 
slight preliminary softening. It is very soluble in chloroform, 
less easily in ether and benzene. 

0.2335 gm. of substance (Kjeldahl) required 10.2 cc. ^ HCl. 

0.1468 gm. of substance required 12.09 cc. AgNOs Solution II.® 

Calculated for CioHioOjNCl: N = 6.16 per cent; Cl = 15.58 per cent. 

Found: N = 6.12 per cent; Cl = 15.32 per cent. 

Attempts to prepare the hexamethylenetetraminium salt of 
the compound by the usual methods resulted only in the isolation 
of the impure quaternary salt of oxymethylchloroacetamide. 

Chloroacetylaminomethyl anisate (chloroacetylaminomethyl p-meth- 
oxyhenzoate). The crude ester, obtained in practically quan- 
titative yield, was recrystallized first from absolute alcohol, then 

< A. Einhbrn and M. Cottier: Ann. d. chem., ccclxi, p. 150, 1908. 

« 1 cc. = 0.00352 gm. Cl; 0.00793 gm. Br; 0.01259 gm. I. 

« 1 cc. = 0.00186 gm. Cl; 0.004192 gm. Br; 0.006657 gm. I. 
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benzene containing a little toluene to prevent its freezing in the 
ice box. It forms large rosettes of delicate hairs which melt at 
106-7° (corrected) with slight preliminary sintering. It is some- 
what soluble in ether, very easily in chloroform. 

0.2089 gm. of substance (Kjeldahl) required 8.25 cc. HCI. 

Calculated for CuHij04NCl: N = 5.44 per cent. 

Found: N = 5.53 per cent. 

Attempts to prepare the quaternary salt by the usual methods 
failed as in the case of the bpnzoate. 

(3) Derivatives of chloroacetylatninoethanol. 

Chloroacetylaminoethanol, CICH 2 CONHCH 2 CH 2 OH. 25 grams 
of redistilled aminoethyl alcohol (Kahlbaum) were dissolved in 
100 cc. of water and treated with 225 cc. of two-normal sodium 
hydroxide solution. After cooling in a freezing mixture, 50 
grams of chloroacetyl chloride were added drop by drop, with 
vigorous shaking and continued cooling. At the end, an excess 
of 10 per cent sodium hydroxide solution was added until the 
reaction was definitely alkaline, after which the mixture was 
neutralized with hydrochloric acid and concentrated as far as 
possible in vacuo. The residue was taken up in dry acetone and 
filtered from the sodium chloride. The filtrate was again con- 
centrated and the treatment with dry acetone repeated. After 
again concentrating the filtrate the residue was fractionated in 
vaaio. The chloroacetylaminoethanol boils at 141-5° (corrected, 
bath at 180-90°) at 0.25-0.35 mm. and solidifies in a freezing 
mixture, melting again unsharply as the temperature is raised. 
Yield; 75 per cent of the theory. The compound is readily soluble 
in water, alcohol, and acetone, difficultly in chloroform. 

0.2550 gm. of substance (Kjeldahl) required 18.01 cL •jb' HCI. 

0.1452 gm. of substance required 19.98 cc. AgNOj Solution II. 

Calculated for C^HsOiNCl: N = 10.18 per cent; Cl = 25.78 per cent. 

Found: N = 9.90 per cent; Cl = 25.61 per cent. 

lodoacelylaminoethanol. 1 mol. of chloroacetylaminoethanol 
was dissolved in a solution of 1.1 mols. of sodium iodide in dry 
acetone and allowed to stand for twenty-four hours. The pre- 
cipitated sodium chloride was filtered off and the filtrate con- 
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centrated to a syrup. Although all attempts at further purifica- 
tion were unsuccessful, the crude product was sufficiently pure 
for the preparation of the two following salts. 

lodoacetylaviinoethanol and hexamethylenetetramine. The crude 
iodo compound was dissolved in absolute alcohol and added to 
a cold solution of the base in the minimum amount of absolute 
alcohol. The salt, which soon began to separate, was filtered 
off after twenty-four hours and washed with absolute alcohol. 
It melts with decomposition at 142-3°. 

0.1968 gin. of substance required 5,43 cc. AgNOj Solution I. 

Calculated for C 10 H 20 O 2 N 5 I; I = 34.35 per cent. 

Found; I = 34.73 per cent. 

lodoacetxjlaminocthanol and trimeihylamine. For purposes of 
comparison this salt was prepared in the same way as the hexa- 
methylenetetraminium compound. It sinters at 135° and melts 
at 138-9° (corrected). It dissolves readily in water and warm 
alcohol. 

0.1954 gm. of substance required 6.85 cc. AgNOs Solution I. 

Calculated for C 7 Hi 702 N 2 l: I == 44.05 per cent. 

Found: I = 44.14 per cent. 

Chloroacetylaminoethyl benzoate. In addition to the metliod 
given above for the preparation of esters of chloroacetylamino- 
ethanol, the Schotten-Baumann method, starting with aminocthyl 
benzoate hydrobromide and chloroacetyl chloi’idc, may be 
employed. The yield resulting from this procedure is poor, 
however, owing to the rapid rearrangement of the free base to 
the oxyethylbenzamide. Recrystallized first from absolute alco- 
4iol, then toluene, the ester forms flat needles which soften at 
r8.5° and melt at 69-9.5° (corrected). It is very soluble in 
chloroform, less so in benzene and ether. 

0.2135 gin. of substance (Kjeldahl) required 8.8 cc. HCl. 

Calculated for C 11 H 12 O 3 NCI: N = 5.80 per cent. 

Found: N = 5.77 per cent. 

Chloroaeetylaminoethyl benzoate and hexavtcthylcnctclraimnc. 
Equimolecular proportions of the components were heated in 
a small amount of dry chloroform for one hour. The addition 
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of drj" acetone resulted in the precipitation of the salt as a paste. 
This became crystalline on -warming and rubbing. The com- 
pound darkens at about 158° and melts with decomposition at 
162°. 

0.2006 gm. of substance required 5.5 cc. AgKOa Solution I. 

Calculated for CkHjaOjNbCI: Cl = 9.29 per cent. 

Found; Cl = 9.65 per cent. 

Chloroacetylaminoethyl o-toluate. RecrystaUized successively 
from 50 per cent alcohol, absolute alcohol, and toluene, the ester 
forms faintly pinkish clusters of spears which soften at 64.5° 
and melt at 65-5.5° (corrected), the melting point being unehanged 
by a subsequent recrystallization from absolute alcohol. It is 
extremely soluble in chloroform, less so in ether and benzene. 

0.2065 gm. of substance (Kjeldahl) required 8.25 cc. -nr HCl. 

Calculated for CuHuOaNCl: N = 5.48 per cent. 

Found: N = 5.60 per cent. 

Chloroacetylaminoethyl o-toluate and hexamethylenetetramine. 
After one hour’s boiling in dry chloroform solution the salt sep- 
arated on cooling. It melts at 168° with decomposition. 

0.2096 gm. of substance required 5.38 cc. AgNOj Solution I. 

Calculated for CisHjeOjNiCl: Cl = 8.96 per cent. 

Found; Cl = 9.03 per cent. 

Chloroacetylaminoethyl p-ioluate. RecrystaUized first from abso- 
lute alcohol, then toluene, the ester forms ghstening, felted hairs 
which are rather less soluble in the usual organic solvents than 
is the ortho isomer. It melts at 106-7.5° (corrected). 

0.2081 gm. of substance (Kjeldahl) required 8.1 cc. HCl. 

Calculated for CuHuOjNCl; N = 5.48 per cent. 

Found; N = 5.45 per cent. 

Chloroacetylaminoethyl p-toluate and hexamethylenetetramine. 
After one hour’s boiling, the salt was precipitated from the chlor- 
oform solution by means of dry acetone. When rapidly heated 
it melts to an orange Uquid at 161-2°, but melts at a much lower 
temperature when slowly heated. 

0.2030 gm. of substance required 5.22 cc. AgNOj Solution I. 

Calculated for CisHssOjNsCl: Cl = 8.96 per cent. 

Found: Cl = 9.05 per cent. 
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Chloroacetylaminoethyl ^-naphthoate. /S-Naphthoyl chloride was 
obtained in excellent yield from the acid and thionyl chloride. 
The ester prepared with its aid, when recr 3 ’-stallized first from 
absolute alcohol, then twice from benzene, forms minute, volu- 
minous, strongl}^ triboelectric needles which melt at 137-9° (cor- 
rected). This method of purification removes an impurity 
crystallizing in the form of plates, which was not further investi- 
gated. The ester is sparingly soluble in cold acetone, readily 
in acetic acid. 

0.1877 gm. of substance (Kjeldahl) required 6.7 cc. xjr HCl. 

Calculated for CicHhOjNCI: N = 4.80 per cent. 

Found: N = 5.00 per cent. 

Chloroacetylaminoethyl ^-naphthoate and hexamethylenetetramine. 
After concentration of the chloroform solution to small bulk, 
precipitation of the salt was completed by the addition of several 
volumes of dry'- acetone. The compound was purified by'- boil- 
ing for one hour with dry acetone. It melts and decomposes 
at 174-6°. When once isolated it is difficultly soluble in chloro- 
form. 

0.2092 gm. of substance required 4.84 cc. AgNOs Solution 1. 

Calculated for CsiHsoOjNiiCl: Cl = 8.22 per cent. 

Found: Cl = 8.14 per cent. 

Chloroacetylaminoethyl o-nitrohenzoate. o-Nitrobenzoyl chlo- 
ride prepared from the acid and thionyl chloride was used. As 
the crude ester could not be made to crystallize, it was taken up 
with ether, washed with small amounts of 10 per cent sulphuric 
acid until all pyridine had been removed, then with 5 per cent 
sodium carbonate solution, and finally with water. After (hy- 
ing over sodium sulphate, the solvent was removed, finally in 
vacuo, but the resulting sywup could not be obtained crystalline. 
It is miscible in all proportions with chloroform and is insoluble 
in ligroin. 

0.2034 gm. of substance (Kjeldahl) required 13.60 ec. ^ HCl. 

Calculated for CnHnOsNnCI: N = 9.78 per cent. 

Found; N = 9.37 per cent. 

Chloroacetijlaminoeth'ijl o-nitrobenzoate atid he.xa 7 ncthylenctctra- 
mine. The solution of the components in dry, boiling chloroform 
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soon set to a solid cake. This was disintegrated, after which the 
heating was continued for one-half hour. Additional quantities 
of the salt were obtained from the mother liquors on. continued 
boiling. As precipitated, it contains chloroform of crj'^stalliza- 
tion, one molecule of which is retained even on heating in vacuo 
at the temperature of boiling alcohol over sulphuric acid. A 
strong odor of chloroform is apparent when the salt is dissolved 
in water. 

0.3590 gm. of substance required 6.89 cc. AgNOj Solution I. 

Calculated for CiTHsjOsNeCl.CHCli: Cl" = 6.49 per cent. 

Found: Cl~ = 6.75 per cent. 

The chloroform of crj-stallization may be removed bj’’ boiling 
the salt for one hour in dry acetone. It then melts with decom- 
position at 174° when plunged into the bath at 165°. 

0.2094 gm. of substance required 4.98 cc. AgKOj Solution I. 

Calculated for CitHjjOsNsCI; CI = 8.31 per cent. 

Found: Cl = 8.37 per cent. 

ChloroacetyJaminoethyl m-^itrobenzoaie. The ester could not 
be obtained crystalline. Even when purified as in the case of 
the ortho isomer it was stiU very impure, as shown by analysis. 

Chloroacetylaminoethyl m-nitrobenzoate and hexamethylenetetra- 
mine. The chloroform solution was boiled for about two and a 
haK hours, filtered from a small amount of what was probably 
hexamethylenetetraminium chloride, and treated with dry acetone. 
The salt separated as an oil which soon crystallized. The product 
was filtered off and warmed several hours with dry acetone. 

0.2273 gm. of substance required 5.96 cc. AgNOj Solution I. 

Calculated for CitHjjOjNcCI: Cl = 8.31 per cent. 

Found: Cl = 9.23 per cent. 

Chloroacetylaminoethyl p-nitrobenzoate. RecrystaUized from ab- 
solute alcohol, the ester forms long, prismatic needles which 
melt at 127-8° (corrected). It is difficulty soluble in cold abso- 
lute alcohol and benzene, more easily in acetone and chloroform. 

0.1969 gm. of substance required 6.8 cc. AgXOj Solution I. 

Calculated for CnHnOsNiCl: Cl = 12.38 per cent. 

Found: Cl = 12.16 per cent. 
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ChloroaceUjlmninoethyl p-nitrobenzoate and hexamethyknetclra- 
mine. The salt separates from the chloroform solution. It 
melt:^ at 182-2.5° with decomposition. 

0.19S5 gm. of substance required 4.55 cc. AgNOj Solution I. 

Calculated for CitHssOsNcCI; Cl = 8.31 per cent. 

Found: Cl = 8.07 per cent. 

Chloroacetylaminoethyl p-nitrohenzoate and trimethylamine. Tlie 
ester and an excess of trimethylamine were heated in dry chloro- 
form at 100° for one hour in a sealed tube. The resulting clear 
solution was evaporated to small bulk and treated first with a 
little dry acetone, then with dry ether. The salt separated as 
a white, ciystalline powder melting at 175-6° (corrected). When 
once isolated it is insoluble in chloroform and acetone, but .dis- 
solves easily in water and in alcohol. 

0.1473 gm. of substance required 4.3 cc. AgNOs Solution I. 

Calculated for CuHjoOtNjCl: Cl = 10.26 per cent. 

Found: Cl = 10.28 per cent. 

Chloroacetyla^nmoethyl p-aminobenzoate. 12 grams of chloro- 
acetylaminoethyl p-nitrobenzoate were added slowly to a solu- 
tion of 50 grams of stannous chloride in 100 cc. of acetic acid 
saturated with hydrochloric acid gas. The temperature rose 
rapidly, but was kept below 30° with the aid of a freezing mixture. 
The reaction mixture, from which a double salt had partially 
separated as a gummy mass, was poured into ice water and 
the solution treated with 50 per cent sodium hydroxide solu- 
tion until the tin precipitate redissolved, taking care that the 
solution remained ice cold in order to prevent saponification- 
of the ester. In a second experiment the ester crystallized out 
at this point in the form of glistening platelets which were 
immediately filtered off, but in the first trial it was necessary 
to shake out the alkaline solution with chloroform in order to 
isolate the compound. After drying the chloroform solution 
over sodium sulphate it was concentrated to a syrup. When 
this was taken up in a little hot alcohol and cooled, it set to a 
solid cake. This was broken up with a little dry ether and 
filtered. Yield: 7 grams. The ester was recrystallized twice 
from absolute alcohol, using bone-black the fi.rst time. It forms 
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pale cream-colored, minute spindles -which melt at 117-8.5° 
(corrected) -ndth preliminary softening. It is very difficultly 
soluble in ether, benzene, toluene, and cold acetone. 

0.1514 gm. of substance (Kjeldahl) required 11.55 cc. ^ HCl. 
Calculated for CuHijOjNjCl: N = 10.92 per cent. 

Found: N = 10.69 per cent. 


Chloroacetylaminoethyl p-[azodiethyIaniline]-benzoate (chloroac- 
elylaminoethyl ester of p-carhoxyhenzeneazo-p'-diethylaminobenzene). 


ClCHzCONHC^FUOOC 



NtCsHs); 


4 grams of chloroacetylaminoethyl p-aminobenzoate -were 
dissolved at 0° in 35 cc. of normal hydrochloric acid. With con- 
tinued cooling the solution -was diazotized with a solution of 1.1 
grams of sodium nitrite in a little water. After stirring for ten 
minutes, sodium acetate was added until the reaction was neutral 
to Congo B.ed paper, after which a solution of 4.8 grams of di- 
ethylaniline in 50 cc. of alcohol was added. Coupling com- 
menced at once, -with separation of a tar which partially crystal- 
lized on scratching, forming naicroscopic rosettes of platelets. 
The addition of one-half volume of water completed the separa- 
tion of the dye and resulted in the crj'^staUization of the entire 
product. This was filtered off, washed -with 50 per cent alco- 
hol, and dissolved in a little hot absolute alcohol. The sub- 
stance separated as an oil on cooling, but was converted into 
aggregates of red, microscopic crystals by the cautious addition 
of water, accompanied by rubbing. Aiter standing in the ice 
box over night the dye was filtered off, washed -with 50 per cent al- 
cohol, and dried. The yield was practically quantitative. The 
dye sinters at 111° and gradually melts until it is completely fluid 
at 116°. 


0.1691 gm. of substance (Kjeldahl) required 16.36 cc. HCl. 

Calculated tor CjiHjsOjNtCl: N = 13.45 per cent. 

Found: N = 13.56 per cent. 

Chloroacetylaminoethyl p-[azodieihylaniline]-benzoate and hexa- 
methylenetetramine. Equimolecular amounts of the components 
were boiled in a little dry chloroform for one-half hour, after which 
the mixture set to a thick paste. By the cautious addition of 
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dry acetone this was converted into a light orange, crystalline 
mass. As first obtained, this seemed to be entirely soluble in 
water, but when dried the salt w'as only incompletely soluble. 
It melts at 179-81°. The aqueous solution dj'-es silk a bright 
orange shade. 

0.3163 gm. of substance gave 0.0828 gm. AgCl. 

Calculated for C 27 H 37 O 3 NSCI: Cl = 6.37 per cent. 

Found: Cl = 6.47 per cent. 

Chloroaceiylaminoethyl acetylsalieylate. The acetjdsalicjdic 
chloride used for this preparation was prepared according to An- 
schtitz.^ The crude ester was dried in vaciio and recrystallized 
from benzene, forming glistening, snow-white tablets, melting 
at 117° (corrected) with slight preliminary softening. It is soluble 
in the cold in absolute alcohol, difficultly in ethyl acetate. 

0.2033 gm. of substance (Kjeldahl) required 7.0 cc. HCl. 

Calculated for CisHnOsNCl: N = 4.73 per cent. 

Found: N = 4.82 per cent. 

> 

Chloroaceiylaminoethyl acetylsalieylate and hexamethylenetetra- 
mine. The clear chloroform solution obtained after boiling for 
one and a half hours was evaporated to small bulk. Several 
volumes of dry acetone were then added. The salt remained in 
solution until this was seeded with crystals obtained in a test 
portion by the addition of dry ether. The product forms micro- 
platelets which melt to a yellowish liquid at 154-6° with slight 
gas evolution. It dissolves readily in chloroform, alcohol, and 
water. 

0.2180 gm. of substance required 5.14 cc. AgNOs Solution I. 

Calculated for CigHjcOsNsCl: Cl = 8.07 per cent. 

Found: Cl = 8.30 per cent. 

Chloroacetylaminoethyl anisaie {chloroacetylaminoelhyl p-mclh- 
ox 7 jhenzoate) . In addition to the usual method of preparation, 
this ester may be obtained, although in poor yield, from aminoethyl 
anisate hj^drobromide and chloroacetyl chloride by the Schotten- 
Baumann method. Recrystallized first from dilute alcohol, 
then benzene containing a little toluene to prevent its freezing 
in the ice box, and finally from absolute alcohol, the ester melts 

■ R. AnsehiUz: Ann. d. Clicm., cccl.wii, p. 173, 1900. 
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constantly at 96.5-7? (corrected) with slight preliminary soften- 
ing. It forms rosettes of needles which are rather difficultly 
soluble in cold ether, benzene, and alcohol, but dissolve readily in 
chloroform. 

0.1830 gm. of substance (KjeldaM) required 6.85 cc. Hd- 

0.1951 gm. of substance required 13.58 cc. AgNOs Solution II. 

Calculated for Cj-HuO^NCl; N = 5.16 per cent; Cl = 13.05 per cent. 

Pmmd; N = 5.24 per cent; Cl = 12.95 per cent. 

ChloToacetylaminoethyl anisate and hexamethylenetetramine. Af- 
ter one hom-’s boiling the salt was precipitated from the chloro- 
form solution by means of dry acetone. It melts at 153-4° 
with decomposition and gives a pale pink color in sulphuric acid. 

0.1528 gm. of substance required 3.7 cc. AgNOa Solution I. 

Calculated for CijHiaOaNsCl; Cl = 8.61 per cent. 

Found; Cl == 8.52 per cent. 

ChloToacetylaminoethyl dnnamate. Recrj’^stallized ffi-st from 
absolute alcohol, then toluene, then absolute alcohol, the ester 
melts constantly at 120-2° (corrected). It forms delicate, glis- 
tening needles which are difficultly soluble in the cold in ether, 
alcohol, benzene, and toluene. 

0.2677 gm. of substance (Kjeldahl) required 10.08 cc. HCI, 

0.1456 gm. of substance required 10.05 cc. AgNOa Solution II. 

Calculated for CiaHnOaNCl: N = 5.24 per cent; Cl = 13.25 per cent. 

Found; N = 5.26 per cent; Cl = 12.88 per cent. 

Chloroacetylaminoethyl ethyl ether, CICH2CONHCH2CH2OC2H5. 
25 ce. of two-normal sodium hydroxide solution were added to a 
cooled solution of 3 grams of freshly distilled aminoethyl ethyl 
ether* in a little water. The mixture was chilled with salt and 
ice and chloroacetylated with 2 mols. of chloroacetyl chloride, 
adding alkali from time to time as necessary. At the end, solid 
potassium carbonate was added rmtil the chloroacetyl deriva- 
tive separated as an oil. This was taken up in chloroform and 
the aqueous layer extracted five times with the same solvent. 
The chloroform solution was dried over sodium sulphate and 
evaporated to small bulk. Almost all of the residue boiled at 
132° (corrected) at 15 mm. Yield: 3.5 grams. 

*L. Knorr: Ber. d. deutsch. chem. Gesellsch., xxxvii, p. 3506, 1904. 
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0.1266 gm. of substance (Kjeldahl) required 7.55 cc. HCl. 

0.0957 gm. of substance required 11.13 cc. AgNOa Solution II. 

Calculated for CoHisOsNCl; N = 8.46 per cent; Cl = 21.41 per cent. 

Found; N = 8.35 per cent; Cl = 21.64 per cent. 

Chloroacetylaminoethyl ethyl ether and hexametlnjlenetetramine. 
The salt was precipitated from the chloroform solution by the 
addition of dry acetone and rubbing. It was filtered off, washed 
with dry acetone, and rapidly transferred to a desiccator as it 
proved to be very hygroscopic. It melted unsharply at 135-45°. 

0.1979 gm. of substance required 12.2 cc. AgNOj Solution II. 

Calculated for CuHnOjNsCl: Cl = 11.60 per cent. 

Found: Cl = 11.47 per cent. 

Aminoethyl o-tolyl ether (p-methylphenoxyethylamme) , 

0-CH3C6H4OC0H4NH2. 

60 grams of o-methylphenoxyethyl bromide were heated at 120° 
for four hours in an autoclave with 600 cc. of alcoholic ammonia 
saturated at 0°. The ammonia and alcohol were boiled off, finally 
with steam, leaving a solution containing oil droplets. These 
(probably the imino compound) were removed by shaking out 
with ether. The aqueous layer was then made alkaline and shaken 
out again with ether. The residue obtained after evaporating off 
the ether was fractionated in vacuo. The amine boils at 128° 
(corrected) at 19 mm. and has an unpleasant odor. It is almost 
insoluble in cold water, but dissolves more freely on heating. 
It gives a pale pinkish color in sulphuric acid. 

0.2542 gm. of substance (Kjeldahl) required 16.85 cc. HCl. 

Calculated for CoHisON: N = 9.27 per cent. 

Found : N = 9.28 per cent. 

Chloroacetylaminoethyl o-tolyl ether. To a solution of 10 grams of 
the amine in benzene were added an excess of two-normal, aqueous 
sodium hydroxide and, with cooling and vigorous shaldng, a solu- 
tion of 10 grams of chloroacetyl chloride in dry benzene. The mix- 
ture was then acidified and the benzene layer washed with water 
and sodium carbonate solution. After drying it was evaporated 
to small bulk. The resulting syrup (14 grams), which could not be 
made to crystallize, was fractionated in vacuo. The substance 
boiled at 168-9° at 0.7 mm. It crystallized on standing, and, 
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after recrj'stallization from a little toluene ’with the aid of ligroin, 
formed minute prisms softening at 39° and melting at 39.5-40.5° 
(corrected). It gives a faint, pinkish color -with sulphuric acid. 

0.2589 gm. of substance (Kjeldabl) required 11.40 cc. jV HCl. 

0.2133 gm. of substance required 17.4 cc. AgNOj Solution II. 

Calculated for ChHkOiNCI; N = 6.15 per cent; Cl = 15.57 per cent. 

Found: N = 6.17 per cent; Cl = 15.18 per cent. 

Chloroacetylaminoeihyl o-iolyl ether and hexamethylenetetramine. 
Equimolecular amounts of the components -were boiled for one 
hour in dry chloroform. As the salt did not separate, the solu- 
tion -vras evaporated to small bulk and treated with dry acetone. 
This caused the salt to separate, after -which the mixture was 
warmed until the product became entirely crystalline. It melts 
at 162° to a dark liquid and gives a bright red color -with sulphuric 
acid. 

0.1946 gm. of substance required 9.55 cc. AgKOj Solution II. 

Calculated for CitHjsOjNsCI: Cl = 9.64 per cent. 

Found: Cl = 9.12 per cent. 

Chloroacetylethylaminoethanol, C 1 CH:C 0 N(C 2 H 5 )C 2 H 40 H. 6 

grams of ethylaminoethanol were chloroacetylated in the same 
manner as was aminoethanol. The reaction mixture was satu- 
rated with sodium carbonate and shaken out ten times ■with chloro- 
form. This was dried and evaporated to small bulk, finally 
in memo. Yield of crude product: 5 grams. Roughly three- 
quarters of this boiled at 130-5° at 0.6 mm., yielding a pale yellow, 
■viscous oil which was soluble in and miscible -with water. 

0.2729 gm. of substance (Kjeldahl) required 16.45 cc. ^ HCl. 

0.1967 gm. of substance required 21.3 cc. AgNOa Solution II. 

Calculated for CsHnO-XCl: N = 8.46 per cent; Cl = 21.41 per cent. 

Found: N = 8.44 per cent; Cl = 20.14 per cent. 

Chloroacetylethylaminoethyl p-nitrobenzoate. As the crude ester 
did not crystallize it was shaken out from the acid mixture -with 
chloroform. This was washed, first with water, then -with dilute 
sodium carbonate solution, then water, dried, and concentrated 
to a sjaup. This -was taken up in a little hot alcohol land allowed 
to stand, when it gradually crystallized. Recrj’staUized, with 
bone-blacking, first from absolute alcohol, then toluene, and 
finally absolute alcohol, it forms almost colorless, minute rhombs 
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which melt at 73.5-4.° (corrected) with slight preliminaiy soften- 
ing. It is difficultly soluble in the cold in ether, absolute alcohol, 
and toluene, but dissolves readily in benzene and chloroform. 

0.1946 gm. of substance required 11.72 cc. AgNOs Solution II. 

Calculated for CisHuOsN.Cl ; Cl = 11.27 per cent. 

Found: Cl = 11.20 per cent. 

Chloroacetyleihylaminoethyl p-nitrohenzoate and hexamcihyknc- 
tetraviine. The chloroform solution, after boiling for one and a 
half hours, was filtered from a little hexamethylenetetraminium 
chloride and concentrated to small bulk. The salt separated 
after the addition of several volumes of dry acetone and scratch- 
ing. After standing over night it was filtered off and washed with 
dry acetone. It melts at 154-5° to an orange liquid and is diffi- 
cultly soluble in water. 

0.1394 gm. of substance required 2.9 cc. AgNOj Solution I. 

Calculated for Ci9H2706N6Cl: Cl = 7.80 per cent. 

Found: Cl = 7.33 per cent. 

Chloroacetylphenylaminoethajiol, C 1 CH 2 C 0 N(C 6 Hb)C 2 H 40 H. 20 
grams of phenylaminoethanol (oxyethylaniline) were dissolved 
in benzene and chloroacetylated by means of chloroacetyl chloride 
in the presence of two-normal sodium hydroxide. The benzene 
la 3 ’'er was washed successively with water, dilute hydrochloric 
acid (which removed considerable unchanged amine), and water. 
After drying, the benzene was evaporated to small bulk and 
treated with ligroin, precipitating an oil which gradually’’ crys- 
tallized. This was recry'-stallized twice from warm benzene by 
adding ligroin until a permanent turbidity appeared. The com- 
pound forms prisms which melt at 67.5-8.5° (corrected) with 
slight preliminary softening. 

0.1998 gm. of substance (Kjeldahl) required 9.14 cc. w HCl. 

Calculated for C 10 H 12 O 2 NCI: N = 6.56 per cent. 

Found: N = 6.41 per cent. 

Chloroacetylphenylaniinoethyl 'p-nitrobenzoate. The ester was 
recry’-stallized three times from absolute alcohol, forming faintly 
yellow spears which melt at 115-6° (corrected) with slight pre- 
liminary softening. It is rather soluble in benzene, very diffi- 
cultly in ether. 
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0.2099 gtn. of substance gave 14.85 cc. N (767 mm. and 30.3°). 

Calculated for CitHuOsNsCI ; N = 7.73 per cent. 

Found; N = 7.70 per cent. 

ChloroacetylphenylaTninoelhyl p-nitroierizoate and hexamethylene- 
tetramine. After three hours’ boiling, drj' acetone was added to 
the chloroform solution. The salt crj’-stallized slowly on scratch- 
ing. After several hours in the ice box it was filtered off and 
washed with dry acetone. Yield; about 40 per cent of the 
theorj’-. The compound melts at 167-8° to an orange paste. 

0.199S gm. of substance required 7.45 cc. AgXOs Solution II. 

Calculated for CsjHi 705 N'eCl; Cl = 7.05 per cent. 

Foimd; Cl = 6.93 per cent. 

Owing to the failure of attempts to obtain crystalline hexameth- 
ylenetetraminium salts of chloroacetylphenylaminoethanol and 
the corresponding iodo-compound the bromoacetj'I derivative 
and several of its esters were prepared. Great difficulty was 
experienced m obtaining these substances and their hexamethyl- 
enetetraminium salts in crystalline form. This applies also to 
several homologs which we attempted to prepare. The following 
substance is the only one of this series obtained in a state of purity. 

Bromoacelylphenylaminoethanol. 30 grams of phenylaminoetha- 
nol were dissolved in 150 cc. of benzene, chilled, and slowly treated 
with a solution of 22 grams (0.5 mol.) of bromoacetjd bromide 
in dry benzene. The hydrobromide of the base separated as an 
oil. The mixture was shaken out successively with dilute hydro- 
chloric acid, water, dilute sodium carbonate solution, and water. 
After drying, the benzene was evaporated to small bulk and 
carefully treated with ligroin. The crude bromoacetyl deriva- 
tive separated on standing and scratching. Yield; 15 grams. 
When recrystallized from dry ether, rhombic crystals separated 
first, followed by warty masses. These were mechanicallj'- sepa- 
rated from the rhombs and recrj-^stallized from absolute alcohol. 
This substance forms delicate needles melting at 131-3° with 
prehminary softening. It contains bromine, but was not further 
investigated. The rhombs were recrj'-stallized from drj' ether 
and then melted at 58-60° (corrected) with slight preliminary 
softening. These proved to be the desired bromoacetylphenyl- 
aminoethanol. It is very soluble in benzene and alcohol and 
slowly decomposes when exposed to the air. 
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0.2110 gm. of substance required 15.56 cc. AgNOs Solution II. 

Calculated for CioNnOjNBr; Br = 30.97 per cent. 

Pound: Br = 30.91 per cent. 

p-Dimethylaminophenylaminoethanol, 

56 grams of p-aminodimetliylaniline, 32 grams of ethylene chloro- 
hydrin, and 80 cc. of water were boiled for two hours under 
a reflux. The resulting mixture was made alkaline with sodium 
hydroxide and shaken out with ether. This was dried, evaporated 
to small bulk, and fractionated in vacuo. 22 grams of the amino- 
alcohol distilled at 197-204° at 9 mm. and crystallized on cooling. 
Of this 14 grams boiled at 215-7° (corrected) at 16 mm. Recrys- 
tallized from toluene, it forms almost colorless aggregates of irregu- 
lar plates melting at 32.5-5.° (corrected). It is difficultly sol- 
uble in toluene at 0° and in ligroin, but dissolves easily in the other 
organic solvents. It is hygroscopic and dissolves in water. The 
aqueous solution becomes violet on exposure to the air and gives, 
with a drop of potassium dichromate solution, a purple color 
followed by a violet precipitate. 

0.2361 gm. of substance (Kjeldahl) required 25.45 cc. HCl. 

Calculated for CioHieONj: N = 15.55 per cent. 

Found: N = 15.10 per cent. 

Chloroaceiyl-p-dimethylaminophenylaminoethanol. 

(CH 3 ) 2 N ^ NC 2 H 4 OH 

COCH 2 CI 

The base was chloroacetylated in benzene solution by means 
of chloroacetyl chloride in the presence of two-normal sodium 
hydroxide solution. The benzene layer was washed with water, 
dried over sodium sulphate, and evaporated to small bulk. The 
chloroacetyl derivative crystallized on adding ligroin and scratch- 
ing. Yield: 40-50 per cent of the theory. Recrystallized twice 
from absolute alcohol, it forms practically colorless rhombs 
which melt constantly at 85.5-7.° (corrected) with preliminary 
softening. It is difficultly soluble in cold toluene, alcohol, and 
ether. 
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0.0588 gm. of substance gave 5.6 cc. N (768 mm. and 20°). 

0.1999 gm. of substance (Carius) gave 0.1109 gm. AgCl. 

Calculated for CisHuOjKtCl: N = 10.97 per cent; Cl = 13.87 per cent. 

Found; N = 10.96 per cen€; Cl = 13.72 per cent. 

p-Methoxyphenylaminoethanol. 50 grams of 77-anisidine, 16 
grams of ethylene chlorohj’’drm, and 40 cc. of water were boiled 
for two hours under a reflux. The resulting mixture was made 
alkaline with sodium h 3 ’-droxide and extracted three times with 
ether. This was rapidly dried over sodium sulphate and evapo- 
rated to small bulk. The residue, fractionated in vacuo, yielded 
17 grams of the aminoalcohol boiling at 187-97° at 8-8.5 mm., 
of which most boiled at 188-91° at 8 mm. The distillate crystal- 
lized in the receiver. A portion recrystallized from dry, alcohol- 
free ether with the aid of a freezing mixture melted at 43.5-4.5° 
(corrected). 

0.0953 gm. of substance (Kjeldahl) required 5.8 cc. HCl. 

Calculated for CsHuOjN; N = 8.38 per cent. 

Found; N = 8.53 per cent. 

(S) Derivatives of y-aminopropanol. 

y-Broinopropyl-p-nitrohenzamide, BrC3H6lSrHC0C6H4N02. A 
solution of 18 grams of p-nitrobenzoyl chloride in benzene was 
added to a solution of 20 grams of y-bromopropylamine hj-^dro- 
bromide in 100 cc, of water. With chilling and shaking, 100 cc. 
of two-normal sodium hydroxide solution were then added in 
small portions. The amide separated immediately, and was 
completely precipitated by adding ligroin. Yield: 25 grams. 
RecrystaUized twice from benzene, then once from dry, alcohol- 
free chloroform, it forms minute, colorless needles which melt 
at 107.5-8.° (corrected) with slight preliminary softening. It 
is soluble in alcohol at room temperature. 

0.1741 gm. of substance gave 0.1137 gm. AgBr. 

Calculated for CicHjiOjNsBr; Br = 27.83 per cent. 

Found: Br = 27.79 per cent. 

y-Aminopropyl p-nitrobenzoale hydrobromide. 20 grams of 
the above amide were dissolved b}-^ heating with water on the 
water bath. The solution was finally boiled for several hours, 
completing the rearrangement according to the following scheme:* 
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OoN 

02N< 

02N<' 


> CONHCH2CH2CH2Br — > 

Hv xBr 

— CH2n +H 5 O 

Cf )>CH2 ^ 

^0—0112/ 


II 

C— OCH 2 CH 2 CH 2 NH 2 • HBr 


The resulting solution was concentrated as far as possible on the 
water bath, forming a solid, crystalline cake on cooling. The hy- 
drobromide was recrystallized from 95 per cent alcohol. Yield: 
16 grams. It melts at 185-5.5° (corrected) and is readily sol- 
uble in water. 

0.2549 gm. of substance required 8.25 cc. AgNOj Solution I. 

Calculated for CioHnOiNa'HBr: Br = '26.19 per cent. 

Found; Br = 25.67 per cent. 

y-Oxypropyl-p-nitrobenzamide. On dissolving 7-aminopropjd p- 
nitrobenzoate hydrobromide in water and adding 1 mol. of sodium 
hydroxide the free base separates as an oil. This is very unstable, 
however, and gradually rearranges to the 7-oxypropyl-p-nitro- 
benzamide, losing its solubility in acids and changing to a mass 
of heavy, rhombic prisms. Recrystallized from toluene, the 
amide melts at 102.5-3.5° (corrected). It is very difficultly sol- 
uble in dry ether and benzene, more soluble in chloroform, and 
readily so in absolute alcohol. 

0.1619 gm. of substance gave 18.1 cc. N (762 mm. and 23.8°). 

Calculated for CioH:20.iNj: N = 12.50 per cent. 

Found: N = 12.52 per cent. 

y-p-Nitrohenzoylaminopropyl chloroacetate. Equimolecular 
amounts of 7-ox3''propyl-7J-nitrobenzamide and chloroacetic anhy- 
dride were dissolved in chloroform and boiled for one hour. The 
solution was washed first with dilute sodium carbonate solution, 
then with water, and fi.nally dried. The sjn’up which remained 
after concentration crystallized when treated with ligroin and 
rubbed. Recrystallized first from benzene containing a few drops 
of toluene, then from absolute alcohol, it forms faintly yellow, 
cry'-stalline aggregates which melt from 93 to 106°. 
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0.2512 gm. of substance (Kjeldahl) required 16.6 cc. -fV HCI. 

0.1459 gm. of substance required 9.06 cc. AgNOj Solution II. 

Calculated for CiiHijOjNjCl: N = 9.32 per cent; Cl = 11.80 per cent. 

Found; N = 9.26 per cent; Cl = 11.55 per cent. 

y-Chloroacetylaminopropyl p-nilrohenzoale. Owing to the rapid 
rearrangement of 'y-aniinoprop 5 d p-nitrobenzoate, it was found 
advisable, in order to obtain certain results, to chloroacetylate 
the base as follows: 5 grams of y-aminopTopyl p-nitrobenzoate 
hydrobromide in 25 cc. of water were chilled in a freezing mix- 
ture. To the suspension thus obtained was added a solution of 5 
grams of chloroacetyl chloride in 50 cc. of dry, alcohol-free chloro- 
form. The mixture was rapidly turbined, and, with continued 
cooling, treated drop by drop with 10 per cent sodium hj’-droxide 
solution until alkaline. The chloroform layer was then shaken 
out successively with dilute sodium hydroxide solution, dilute 
hydrochloric acid, and water. After drying it was concentrated 
to a syrup which crj’’staUized when treated with ligroin. Recrys- 
tallized first from toluene, then twice from absolute alcohol, 
the ester forms aggregates of flat needles which melt constantly 
at 78-9° (corrected). It is difficultl}’- soluble in ether and hot 
water, easily at room temperature in alcohol, benzene, and 
chloroform. 

0.1649 gm. of substance gave 14.20 cc. N (765 mm. and 24.5°). 

0.1638 gm. of substance required 10.12 cc. AgNOj Solution II. 

Calculated for CnHuOsNiCl : N = 9.32 per cent; Cl = 11.80 per cent. 

Found: N = 9.65 per cent; Cl = 11.48 per cent. 

y-Chloroaceiylaminopropyl p-nitrobenzoate and hexamethylenetetra- 
mine. The salt separates from the chloroform solution. When 
rapidly heated it melts and decomposes at 178-9° with prelimi- 
nary darkening. 

0.2000 gm. of substance required 4.55 cc. AgNOj Solution I. 

Calculated for CisHjsOiNjCl; Cl = 8.05 per cent. 

Found; Cl = 8.01 per cent. 

y-CMoroacetylaminopropyl anisate {y-chloroacelylaminopropyl p- 
methoxijbenzoate). 11 grams of -y-aminopropyl anisate hydro- 
bromide were dissolved in 100 cc. of water, chilled in a freezing 
mi.xture, and treated alternately with small portions of 20 per 
cent sodium hydroxide solution and chloroacetyl chloride (2mols.). 
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The mixture was shaken out with chloroform. This was washed 
as usual, dried, and concentrated. The resulting syrup set to 
a solid, crystalline cake on adding ligroin and scratching. Yield: 
6.5 grams. Recrystallized first from absolute alcohol, then 
toluene, the ester forms faintly pink, radiating masses of delicate 
hairs which soften at 72° and melt at 72.5-3? (corrected). It 
is rather difficultl}'- soluble in the cold in dry ether and benzene. 

0.1309 gm. of substance (Kjeldahl) required 4.65 cc. w HCl. 

Calculated for CisHieO^NCl: N = 4.90 per cent. 

Found: N = 4.98 per cent. 

y-Chloroacetylatninopropyl anisate and hexamethylenetetramine. 
After one hour’s boiling, dry acetone was added to the chloroform 
solution, precipitating the salt as glistening leaflets. It melts 
at 167-8° to an orange liquid. 

0.1993 gm. of substance required 8.65 cc. AgNOj Solution II. 

Calculated for CnHsoOiNsCl: Cl = 8.33 per cent. 

Found: Cl = 8.07 per cent. 

(4) Derivatives of aminoisopropanol, 

H2NCH2CH(CH3)0H. 

Chloroacetylaminoisopropanol, CICH 2 CONHCH 2 CH (CHs) OH . 
12 grams of aminoisopropyl alcohoP were chloroacetylated in 
the same way as the previous aliphatic aminoalcohols. Solid 
potassium carbonate was added to the reaction mixture until 
the chloroacetyl derivative separated as an oil. This was shaken 
out with chloroform and the aqueous solution extracted nine times 
more. The residual oil weighed 20 grams. This was fractionated 
in vacuo. The main portion boiled at 131-2° (corrected) at 0.6 
mm. and crystallized on standing. It melts at 33-4.5° (corrected). 

0.2462 gm. of substance (Kjeldahl) required 16.25 cc. HCl. 

0.1560 gm. of substance required 19.45 cc. AgNOa Solution II. 

Calculated for CsHioOaNCl: N = 9.24 per cent; Cl = 23.39 per cent. 

Found: N = 9.24 per cent; Cl = 23.18 per cent. 

“Prepared b}’’ hydrolyzing /?-o.\ypropylbcnzami do (P. Hirsch; Per. d. 
deulsch. chem. Gcsellsch., xxiii, p. 970, 1890; Gabriel andHeymann: loc. cil.) 
in a sealed tube with 1: 1 hydrochloric acid at 150° for four hours. The 
benzoic acid was filtered off and the filtrate evaporated to dryness, taken 
up in water, and saturated with potassium carbonate. The amine was 
drawn off, dried over potassium carbonate, and fractionated. 
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Chloroacetylaminoisopropanol and hexamethylenetetramine. The 
salt separates from the boiling chloroform solution. It decom- 
poses at 171-2°. 

0.2036 gm. of substance required 13.3 cc. AglsOj Solution II. 

Calculated for CnHiiO-NsCl: Cl = 12.16 per cent. 

Found: Cl = 12.15 per cent. 

ChloToacetylaminoisopropyl p~nilrobenzoate. Recrystallized from 
absolute alcohol, in -n-hich it is very sparinglj’- soluble in the 
cold, the ester forms very faintly yellow, silky needles which melt 
constantly at 133.5-4,5° (corrected) with slight preliminar 3 '- soft- 
ening. It is soluble in cold acetone, but sparinglj’’ so in cold 
toluene. 

0.1418 gm. of substance gave 11.9 cc. N (756 mm. and 23°). 

Calculated for Ci-HuOslSjCl; N = 9.32 per cent. 

Found: N = 9.36 per cent. 

ChloToacetylaminoisopropyl p-nitrohenzoate and hexamethyl- 
enetetramine. After boiling the dr}"- chloroform solution of the 
components for one hour, most of the chloroform was evaporated 
off. The addition of drj’ acetone to the residual solution resulted 
in the precipitation of a mixture of the salt and unchanged hexa- 
methylenetetramine. This was boiled with a small amount of 
dry chloroform in order to remove the base and was then washed 
with dry chloroform and drj’ acetone. Yield: about 35 per cent 
of the theory. The salt forms very faintly yellow plates which 
darken above 170° and melt with decomposition at 180-2°. It is 
somewhat sparingly soluble in water. 

0.1743 gm. of substance required 7.30 cc. AgNOj Solution II. 

Calculated for CisHjsOjNeCl: Cl = 8.05 per cent. 

Found: Cl = 7.79 per cent. 

Aminoisopropyl p-nitrobenzoate hydrobromide. p-Nitrobenzoyl- 
aminoisopropyl bromide*'’ was covered with hot water and boiled 
until completely dissolved. The solution was then concentrated 
as far as possible on the water bath. On cooling, the residue 
set to a solid cake which was recrystallized from alcohol. It 
melts at 221-2° and is rather difficultlj’- soluble in cold water. 

*“ A. Fedinck; Ber. d. deutsch. chem. GeseUsch., xxxii, p. 978, 1899. 
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The salt was analyzed for amino nitrogen by the Van Slyke 
method. 

0.2004 gm. of substance gave 16.5 cc. N (761 mm. and 22°). 

0.1993 gm. of substance required 6.5 cc. AgNOs Solution I. 
Calculated for CioHiaOiNj'HBr: Amino N = 4.59%; Br = 26.19%. 

Found: Amino N = 4.65%; Br = 25.85%. 


Oxyisopropyl-p-nitrdbenzamide, 

H0CII(CH3)CHjNHC0C6H4N02. 

When alkali is added to the aqueous solution of the above 
hydrobromide a transitory cloudiness appears, followed by the 
deposition of glistening platelets melting at 168-9°. This is not 
the free aminoisopropyl p-nitrobenzoate, as claimed by Uedinck,’® 
but is oxyisopropyl-p-nitrobenzamide. It thvs appears that the 
rearrangement takes place with greater rapidity in this case 
than in that of the previously discussed normal propyl isomers. 
The correctness of this interpretation is shown by the insolubility 
of the substance in dilute acids, by the fact that it contains no 
amino nitrogen, as determined by Van Slyke’s method, and by 
the fact that it forms a chloroacetate (see below), not a chloro- 
acetylamino derivative, as is shown by the absence of p-nitro- 
benzoic acid in the saponification products after gentle treatment 
w^th alcoholic sodium hydroxide, and by direct comparison with 
chloroacetylaminoisopropyl p-nitrobenzoate (see above). 

p-Nitrohenzoylaminoisopropyl chloroacetate, 

02NC6H4C0NHCH2CH(CH3)00CCHoC1. 

13 grams of the above oxyisopropyl-p-nitrobenzamide were 
suspended in a small volume of dry, alcohol-free chloroform and 
treated with 7 grams of chloroacetyl chloride. The mixture was 
boiled under a reflux until a clear solution had been obtained 
and the evolution of hydrochloric acid gas had ceased. More 
chloroform was added and the mixture shaken out with dilute 
sodium hydroxide solution. After drying and concentrating, the 
substance was obtained in crystalline form by the addition of 
ligroin. Yield: 13 grams. Recrystallized first from absolute 
alcohol, then twice from toluene, and finally from absolute alco- 



W. A. Jacobs and M. Heidelberger 


427 


hoi, the ester forms almost colorless plates and prisms melting 
at 89-94° (corrected). The ester is soluble in cold ether and 
acetone. 

0.1447 gm. of substance (Kjeldahl) required 9.80 cc. HCl. 

0.1509 gm. of substance required 9.27 cc. AgNOj Solution II. 

Calculated for Cj.HijOjN;Cl: N = 9.32 per cent; Cl = 11.60 per cent. 

Found; N = 9.49 per cent; Cl = 11.42 per cent. 

p-Nilrobenzoylaminoisopropyl chloroacetate and hexamethylenetet- 
ramine. The salt separates from the hot chloroform solution- 
as an oil which redissolves on cooling. It was obtained crj-^stal- 
line bj' adding several volumes of drj' acetone and scratching. 
It melts with decomposition at 175-8°. 

0.23S1 gm. of substance required 5.55 cc. . 4 .gls 03 Solution I. 

Calculated for CisH-sOsNsCl: Cl = 8.05 per cent. 

Found; Cl = 8.21 per cent. 


(5) Derivatives of the higher aliphatic aminoalcohols. 

S-Chloroaceiylamino-n-bidanol, ClCHiCONHCiHsOH. This 
was prepared from 5-aminobutanol“ in the same waj*- as the iso- 
propyl homolog. The reaction mixture, after addition of potas- 
sium carbonate, was shaken out six times with chloroform. This 
was dried, evaporated, and concentrated to a S 3 ’Tup. Yield, 
from 12 grams of aminoalcohol: 19 grams. When fractionated 
in vacuo, the main portion boiled at 165-7° (corrected) at 0.7 
mm. and crystallized on cooling. It melts at 30° (corrected) 
and is soluble in water, alcohol, and chloroform, but verj’- spar- 
inglj' so in benzene. 

0.3001 gm. of substance (Kjeldahl) required 18.2 cc. HCl. 

0.2465 gm. of substance required 28.56 cc. AgNOj Solution II. 

Calculated for CtHiiO-NCl; N = 8.46 per cent; Cl = 21.41 per cent. 

Found; N = 8.49 per cent; Cl = 21.55 per cent. 

S-Chloroacetylamino-n-butanol and hexamethylenetetramine. The 
salt graduallj' separated from the chloroform solution as an oil. 
On adding an equal volume of dri-- acetone and allowing to stand 
protected from moisture it gradualh- crj'stallized. The salt is 
hygroscopic. It sinters at 122° and melts at 125°. 


u L. Henry; Ber. d. deutsch. chem. Gesellsch., xxxiii, p. 3170, 19(X). 
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0.2273 gm. of substance required 13.6 cc. AgNOa Solution II. 

Calculated for C 12 H 24 O 2 N 6 CI: Cl = 11.61 per cent. 

Found; Cl = 11.13 per cent. 

d-Chloroacetylaminohutyl p-nitrobenzoate. The ester was re- 
crystallized first from absolute alcohol, then toluene, forming 
practically, white rosettes of minute prisms melting at 79° (cor- 
rected). It is soluble in the cold in ether and benzene, and ex- 
tremely so in chloroform. 

0.1489 gm. of substance gave 11.8 cc. N (760 mm. and 22.5°). 

Calculated for CiaHiaOsN-Cl: N = 8.91 per cent. 

Found: N = 8.91 per cent. 

S-Chloroacetylaminobutyl p-nitrobenzoate and hexamethyknctd- 
ramine. After one and one-half hours’ boiling, the salt crystal- 
lized from the chloroform solution on cooling and scratching. It 
forms thick, faintly yellow plates which darken above 165° and 
melt to a thick, brown liquid at 170-2°. It is sparingly soluble 
in water. 

0.1735 gm. of substance required 7.01 cc. AgNOs Solution II. 

Calculated for CigHjvOsNeCl: Cl = 7.80 per cent. 

Found: Cl = 7.51 per cent. 

^-Chloroacetylamino-y-butanol, 

CH3CH(0H)CH(NHC0CH2C1)CH3. 

/ 3 -Amino- 7 -butanol (made by the reduction of methyf isonitro- 
soethyl ketone’-) was chloroacetylated and isolated in the same 
way as in the previous cases. The crude product crystal- 
lized partially, but was purified by distillation in vacuo. It boils 
at 119° (corrected) at 0.3 mm. and solidifies on cooling to a crystal- 
line mass which melts at 38-9° (corrected). It has a faint isonit- 
rile-like odor, and is less readily soluble in benzene than in water, 
alcohol, and chloroform. 

0.2397 gm. of substance (Kjeldahl) required 14.35 cc. -nr HCl. 

0.1017 gm. of substance required 11.63 cc. AgNOs Solution II. 

Calculated for CoHnOsNCl: N = 8.46 per cent; Cl = 21.41 per cent. 

Found: N = 8.39 per cent; Cl = 21.27 per cent. 


E. Strauss: Ber. d. deulsch. chem. Gcsellsch., xxxiii, p. 2827, 1900. 
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p-Chloroacelylamino-y-butanol and hexamethylenetetra7?iine. The 
salt separates from the boiling chloroform solution. It melts at 
167-9°. 

0.2100 gm. of substance required 13.4 co. AgNOj Solution II. 

Calculated for CiiHj 40 jN 5 Cl: Cl = 11.61 per cent. 

Found; Cl = 11.87 per cent. 

P-Chloroacetylamino-y-butyl p-nitrobenzoate. Recrystallized first 
from absolute alcohol, then toluene, the ester forms pale cream- 
colored rosettes of delicate leaflets which melt at 117-8° (cor- 
rected).' It dissolves readily in cold acetone and chloroform, 
more sparingly, however, in ether. Yield: about 40 per cent of 
the theory. 

0.14S5 gm. of substance gave 11.8 cc. M (755 mm. and 21.5°). 

Calculated for CijHisOsNjCl: N = 8.91 per cent. 

Found; N = 8.92 per cent. 

ff-Chloroacetylamino-y-bulyl p-niirobenzoate and hexamethylenetet- 
ramine. The salt separates from the boiling chloroform solution 
of the components. It forms colorless micro-crj’-stals which melt 
with decomposition at 189-91° and dissolve readily in water. 
Yield : about 45 per cent of the theory. 

0.1689 gm. of substance required 6.83 cc. AgNO* Solution II. 

Calculated for CijHjjOsNtCl; Cl = 7.80 per cent. 

^ Found; Cl = 7.52 per cent. 

y-Chloroaceiylamino-^-pentanol, 

CH3CH2CH(NHCOCHsC1)CH(OH)CH3. 

5 grams of Y-amino-/3-pentanol (prepared by reduction of methyl 
isonitrosopropyl ketone according to Janicke's method'^) were 
chloroacetylated in the usual manner. The crude product 
crystallized on cooling. Yield: 8 grams. It boils at 126-8° 
at 0.3 mm. and crystallizes on cooling to a wax}-- solid which 
melts at 52-60°. No suitable means of recrystaUization could 
be found. The compound is somewhat h 3 ’-groscopic and is 


” E. Janecke; Ber. d. deritsch. chem. Gesellsch., xxxii, p. 1095, 1899. 
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easily soluble in water, alcohol, acetone, and chloroform, diffi- 
cultly in benzene and ligroin. 

0.2463 gm. of substance (Kjeldahl) required 14.05 cc. -^HCl. 

Calculated for C 7 H 14 O 2 NCI; N = 7.80 per cent. 

Found: N = 7.99 per cent. 

y-Chloroacetylamino-fi-pentanol and hexamethylenetetramine. Ad- 
dition of the components proceeded slowly in chloroform solution. 
Several volumes of drj'- acetone were finally added, completing 
the precipitation. The salt was boiled out with dry acetone 
and dried. It melts and decomposes at 167-8° with preliminary 
darkening and is somewhat hygroscopic. 

0.1932 gm. of substance required 12.1 cc. AgNOj Solution II. 

Calculated for CiaHseOaNsCl: Cl = 11.09 per cent. 

Found: Cl = 11.65 per cent. 

Chloroacetylaminomethylmeihylethyl carhinol (a-chloroacetylaniino- 
^-methyH-butanol), C 2 H 5 C(OH)CH 2 NHCOCH 2 Cl. Aminometh- 

1 

CH 3 

ylmetliylethyl carbinob^ was chloroacetylated in the usual 
manner. The crude product was fractionated in vacuo, the 
portion taken boiling at 134° (corrected) at 0.7 mm. It was 
not obtained crystalline. It is soluble in water, alcohol, ether, 
acetone, chloroform, and benzene. 

0.2600 gm. of substance (Kjeldahl) required 14.55 cc. HCl. 

0.1700 gm. of substance required 17.75 cc. AgNOs Solution II. 

Calculated for CtHhOoNCI: N = 7.80 per cent; Cl = 19.74 per cent. 

Found: N = 7.84 per cent; Cl = 19.41 per cent. 

Chloroacetylaminomethylniethylethyl carhinol and hexamethylene- 
tetramine. The salt separated from the boiling chloroform 
solution. It melts with decomposition at 170° and is somewhat 
hygroscopic. 

0.2240 gm. of substance required 13.8 cc. AgNOs Solution II. 

Calculated for CisHscOsNsCl : Cl = 11.09 per cent. 

Found: Cl = 11.46 per cent. 


5<D. R.-F., 189481; Friedlaenders Forischr. d. Tccrfarbc7ifabril:alion, 
viii, p. 1038, 1905-07. 
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y-Chloroaceiylamino-ff-methyl-p-butanol, 

CH3CH(NHC0CH.CI) C(OH) CH 3 . 

I 

CH 3 

15 grams of 7-amino-j3-methyl-/3-butanol'® -svere chloroacetylated 
in. the usual manner. The reaction nuxture was neutralized and 
shaken out ten times with chloroform. The crude residue from 
the chloroform extract weighed 19 grams. When fractionated 
in vaciio, the main portion boiled at 122° (corrected) at 0.4 mm. 
and did not crystallize on cooling. It is soluble in water, alcohol, 
acetone, chloroform, and ether. It is miscible with a small amount 
of benzene but separates again when a larger quantit 3 ’’ is added. 

0.2148 gm. of substance (Kjeldahl) required 12.05 cc. HCl. 

0.2235 gm. of substance required 23.22 cc. AgNOa Solution II. 

Calculated for C7H14O5NCI : N = 7.80 per cent; Cl = 19.74 per cent. 

Found: N = 7.88 per cent; Cl = 19.33 per cent. 

y-ChloToacetylamino-p^ethyl-^-butanol and hexamethyleneieira- 
mine. The product suddenly separated from the boiling chloro- 
form solution. It melts with decomposition at 174-5°. 

0.2285 gm. of substance required 13.2 cc. AgNOj Solution II. 

Calculated for CisHjtOjNsCl: Cl = 11.10 per cent. 

Found: Cl = 10.75 per cent. 

(6) C-Aryl derivatives of aminoalcohols. 

a-Phenyl-a-oxy-^-chloroacelylaminoelhane, 

CeHsCHCOHlCHsNHCOCHjCl. 

14.7 grams of a-phenyl-a-oxj’-ethylamine were obtained bj' reduc- 
ing 35 grams of benzaldeh 3 'de c 3 ’^anoh 3 ’^drin in 50 per cent alcohol 
solution with 1400 grams of 4 per cent sodiu m amalgam, keeping 
the mixture just acid with acetic acid.^® The crude product was 
suspended in 85 cc. of two-normal sodium hydroxide solution and 
diluted with enough water to dissolve most of the amine. 11 cc. 
of chloroacet 3 d chloride were then added in small amounts, with 

'^K. Krassousky: Compl. rend. Acad. d. sc., cxlrt, p. 237, 1908. 

“ Compare D.R.-P. 193634; Friedlaenders Forlschr. d. Teerfarhenfdbriha- 
lion, viii, p. 1183, 1905-07. 
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cooling and ^dgorous shaking. Most of the chloroacet)^ derivative 
separated as an oil, an additional quantity being salted out bv 
means of potassium carbonate. The mixture was extracted five 
times with chloroform. This was washed successively with dilute 
hydrochloric acid, water, and sodium carbonate solution. The 
chloroform solution, after drying over potassium carbonate, was 
evaporated to small bulk. The residue ciystallized wdrilc still hot 
and was rcciystallized from benzene containing a little ligroin. 
Yield : 10.2 grams. Recrystallized again from chloroform, it forms 
thick plates ■which soften at 108° and melt at 109-9.5° (corrected). 
It is soluble in hot water, hot chloroform, very difficultly in the 
cold in dry ether and chloroform, but easily in acetone. 

0.2193 gm. of substance (Kjeldalil) required 10.35 cc. HCl. 

Calculated for C 10 H 10 O 2 NCI: N = 6.56 per cent. 

Found: N = 6.61 per cent. 

a-Phenyl-a-oxy-p-chloroacetylaminoeihane and hexamethjhncld- 
ramine. The salt separates from the boiling chloroform solution. 
It melts at 179° with decomposition. 

0.1652 gm. of substance required 4.8 cc. AgNOj Solution I. 

Calculated for CI6H2^02N5C1.• Cl = 10.02 per cent. 

Found; Cl = 10.23 per cent. 

a-p-Tolyl-a-oxyethylamine, CH 3 C 6 H 4 CH(OH)CH 2 NH:. 35 grains 
of crude p-tolualdehyde cyanohydrin (from the aldehyde bisul- 
phite and potassium cyanide) were dissolved in 550 cc. of 50 
per cent alcohol, cooled in a freezing mixture, and, with vigor- 
ous turbining, reduced with 1230 grams of 4 per cent sodium 
amalgam. During the process, which lasted several hours, the 
mixture w^as kept slightly acid with acetic acid.'*’ The solution 
was then evaporated to about one-half volume. The solid mass 
of salts obtained on cooling was broken up, diluted with a little 
dilute hydrochloric acid, and filtered. A small amount of a 
semi-solid by-product remained with the salts. The filtrate was 
shaken out with ether to remove other impurities and was then 
covered with ether and made strongly alkaline with sodium hy- 
droxide. After extracting four times with ether the ethereal 
solution was rapidlj'- dried over potassium h 5 '-droxide and evapo- 
rated to small bulk. On cooling, the residue crystallized. Bone- 
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blacked and recrystallized from benzene, the amine forms snow- 
white crystals which melt at 68-9° (corrected) . Yield : 9.1 grams. 
It is difficultly soluble in ether and cold benzene, easily in alcohol 
and water. 

0.2160 gm. of substance fKjeldabl) required 14.05 cc. ^ HCI. 

Calculated for CsHnON: N = 9.27 per cent. 

Found: N = 9.11 per cent. 

cc-p-Tolyl-a-oxy-^-chloroacelylaminoelhane. 8.2 grams of the 
amine were chloroacetylated as in the case of the phenyl com- 
pound. The oily chloroacetyl derivative crj'stallized in the 
reaction mixture when seeded with a few crj^stals obtained from 
a test portion in 50 per cent alcohol b 3 '’ cooling in a freezing mix- 
ture. Yield; 5.1 grams after recrystallization from 50 per cent 
alcohol as above. Recrystallized again from benzene containing 
a little ligroin, it forms thick, colorless plates or prisms which 
melt at 81-2° (corrected) with slight prelimin^rj^ softening. It 
is readilj’’ soluble in ether and chloroform. 

0.2087 gm. of substance (Kjeldahl) required 9.4 cc. HCI. 

Calculated for CnHuO-lsCl: N = 6.16 per cent. 

Found; N = 6.31 per cent. 

a-p-M ethoxy phenyl-a-oxyethylamine. 24 grams of anisaldehj'-de 
cj'anohydrin (prepared from the aldehj'de according to D. R.-P. 
85230”) were reduced as in the previous examples. The solution 
was evaporated to about one-half volume, made more strongh- 
acid with hj’’drochloric acid, and extracted twice with ether to 
remove impurities. After filtering from a small amount of in- 
soluble material the aqueous solution was covered with ether and 
made strongly alkaline. After three extractions with ether this 
was rapidlj^ dried over potassium hydroxide and evaporated to 
small bulk, "the residue crj-^stfallized on cooling and was ex- 
hausted in vacuo. Yield: 6 grams. For analj'sis, a small por- 
tion was recr 3 >staUized from a mixture of benzene and ligroin. 

0.1893 gm. of substance (Kjeldahl) required 10.75 cc. HCI, 

Calculated for CjHijOjN: K = 8.38 pet cent. 

Found: K = 7.95 per cent. 


” D. R.-P. 85230; Friedlaenders Forlschr. d. Teerfarbenfahrikation, ivj 
p. 160, 1894-97. 
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a,^-Diphe72ylchhroacelylanii7}oetha7}o], 

CgHbCHOH 

I 

CcHsCHNHCOCHaCl. 

To a boiling solution of 5.6 grains of Q:,iS-diphen3^1aminoethniiol 
in dry benzene was added, drop by drop, a solution of 4.5 grams 
of chloroacetic anlij’-dride in diy benzene. The solution was 
boiled for one hour, being allowed to concentrate at the same 
time to a volume of about 50 cc. The chloroacetyl derivative 
separated on cooling. The separation was completed by add- 
ing about two volumes of ligroin. After filtering, the product was 
reciystallized from absolute alcohol, forming interlaced, hair- 
like needles. Yield: 3.8 grams. It melts at 194'-4.5° (corrected) 
and is difficultly soluble in cold absolute alcohol, chloroform, 
benzene, and ethyl acetate, but easily in acetone. It gives an 
olive-3'’ellow color with sulphuric acid. 

0.2907 gm. of substance (Kjeldahl) required 10.15 cc. HCI. 

Calculated for CisHjcOjNCI: N == 4.84 per cent. 

Found: N = 4.89 per cent. 

a,^-Diphen7jlchloroacetyla77imoeiha7iol UTid hexa 77 icthjhnekira- 
7nine. The components reacted very slowly in boiling chloro- 
form solution. After two hours the product was filtered off, 
washed with dry chloroform and dry acetone, and boiled for one 
hour Avith dry chloroform to complete the removal of the un- 
changed chloroacetyl derivative. Yield: poor. The salt forms 
hexagonal platelets containing solvent of crystallization which 
is lost on drying at 100° m vacuo. The compound then melts 
at 174° with decomposition. It gives a brown-orange color with 
sulphuric acid. 

0.1991 gm. of substance required ^.64 cc. AgNOj Solution I. 

Calculated for C22Hs802N6CI; Cl = 8.25 per cent. 

Found: Cl = 8.02 per cent. 

The salt tvas obtained in better yield by heating the com- 
ponents with dry chloroform in a pressure bottle at 100° for one 
and one-quarter hours, but then required several hours’ boiling 
with successive portions of dry acetone to free it from a Avatcr- 
insoluble impurity. After this treatment the salt contained ace- 
tone of ciystallization, as Avas shown by the iodoform test. Tins 
was given off at 100° in vacuo. 
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afi-IsodiplimylchloToacetylaminoelhanol, 

CeHsCHOH 

1 

CeHsCHNHCOCHoCl. 

10 grams of tt,/3-isodipbenylaniinoethanol*® were chloroacety- 
lated in the same way as its isomer. During the addition of the 
chloroacetic anhydride a voluminous precipitate separated. This 
went into solution on adding more benzene and continuing the 
addition of the anhydride to the boihng solution. The mixture 
was then boiled for three-quarters of an hour, being concentrated 
at the same time. The crystals which separated on standing over 
night were filtered off and recrystallized from benzene and then 
from absolute alcohol. Yield: 2.5 grams. The compound forms 
colorless needles which melt at 156-7° (corrected) and are diffi- 
cultly soluble in ether, readily in chloroform. It gives a greenish 
yellow color with sulphuric acid. 

0.2463 gm. of substance (Kjeldahl) required 8.6 cc. HCl. 

Calculated for CisHitOjNCl: N = 4.84 per cent. 

Found; N = 4.88 per cent. 

afi-Isodi-phenylchloroacelylaminoelhanol and hexamethylenetelra- 
mine. The solution of the components in dry, boihng chloroform 
set to a thick cake after fifteen minutes. This was broken up 
and the boihng continued for one-half hour, after which the 
salt was filtered off and washed well with dry chloroform and 
dry acetone. An additional quantity was obtained by boiling 
the filtrate from the first crop. The salt is very difficultly soluble 
in water and gives a straw color with sulphuric acid. It melts 
and decomposes at 197-9°. 

0.2317 gm. of substance required 5.28 cc. AgNOj Solution I. 

Calculated for C-iHisOjXsCl; Cl = 8.25 per cent. 

Found: Cl = 8.02 per cent. 


‘’E. Erlemneyer, Jr.; Ann. d. chem,, cccvii, p. 119, 1899; cccxxxvii, 
p. 320, 1904. 
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^~Phe7iyl-^-oxy-a-chloroaceiylammopropa7ie, 

CH, 

C— CH.NHCOCH^Cl. 

OH 

92 grams of /S-phen54-/5~oxy-a-ch]oropropane^® were converted 
into the amino compound according to D, R.-P. 183361-° and 
189481,“ except that the resulting mixture of bases was worked 
up by the usual methods instead of by the procedure given in 
the patents. Yield of /3-phenyl-/8-oxy-a-aniinopropane: 28 grams, 
boiling at 133-40° at 14 mm. 14 grams of the amine were dissolved 
in benzene and chloroacetylated in the usual manner with chloro- 
acetyl chloride in the presence of two-normal sodium hydroxide. 
Ether was added and the upper layer shaken out successively 
with 5 per cent aqueous hydrochloric acid, water, dilute sodium 
carbonate solution, and wmter. After drying over sodium sul- 
phate the solvents were evaporated off and the hot residue was 
exhausted m vacuo. 15.7 grams of the chloroacetyl derivative 
were obtained as a viscous oil which could not be made to 
crystallize. 

0-Phe7iyl-P-oxy-a-chloroaceiylar7iinopropa7ie a7id hexa7neth7jkne- 
tetraTTime. The salt separates rapidly from the boiling chloro- 
form solution of the components. It darkens slightly above 165° 
and melts with decomposition at 175-6°. 

0.1972 gm. of substance required 9.96 cc. AgNOj Solution II. 

Calculated for CuH-eO-NsCl; Cl = 9.64 per cent. 

Found: Cl = 9.39 per cent. 

a-Phe7i7jl-a-be7izoyloxy-^-benzo7jla77ii7iop7'opane, 

CH3CH(NHCOC6H6)CH(OOCC6H6)CcH5. 

In the course of a series of uncompleted experiments a-phenyl- 
a-oxy-/3-aminopropane was prepared by the reduction of isonitro- 
sopropiophenone with sodium amalgam. As the crude product 
so obtained melted 10 degrees belotv the melting point assigned 

Tiffeneau: Compt. rend. Acad. d. sc., c.x.xxiv, p. 775, 1902. 

20 D. R.-P. 183361; Fricdlaendcrs Fortschr. d. Tcerfarhcnfahrikalion, 
viii, p. 1041, 1905-07. 
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by Eabe and HunniusJ* it was sought to identif 3 ’' the aminoalco- 
hol bj’’ the preparation of some characteristic derivative. To 
this end 0.7 gram was dissolved in p 3 Tidine and treated in the 
cold with 3 mols. of benzoyl chloride. After' standing for six 
hours the mixtiue was poured into water, precipitating an oil 
which soon solidified. After two recr 3 ’-staUizations from absolute 
alcohol, the dibenzoyl derivative formed minute, glistening prisms 
melting at 172.5-3.5° (corrected) with slight preliminary softening. 
Yield: 0.8 gram. It is readily soluble in acetone. 

0.2972 gm. of substance (Kjeldahl) required 8.10 cc. HCl. 

Calculated for CjjHjiOjN: N = 3.90 per cent. 

Found; N = 3.82 per cent. 

The chloroacet 3 d derivative of a-phenyl-a-oxy-;8-aminopropane 
was prepared, but formed an uncr 3 ^staliizable oil which decom- 
posed partially when distilled in a high vacuum. 

P. Rabe and T. Hunnius: Ber. d. deutsch. chem. Gesellsch., xlv, p. 2166 

1912. 




THE QITATERHARY SALTS OF HEXAMETHYLENE- 
TETRAMINE. 


VI. HAXOGENETHYL ETHERS AND ESTERS AND THEIR 
HEXAMETHYLENETETRAMimirM SALTS. 

By WALTER A. JACOBS akd MICHAEL HEIDELBERGER. 
{From the Laboratories of The Rockefeller Institute for Medical Research.) 

(Received for publication, April 30, 1915.) 

‘As far as the authors are aware, the literature contains no 
reference to the use of the halogenethyl ethers and esters for 
the preparation of quaternarj' salts of hexamethylenetetramine. 
In the present work the few chloroethyl compounds tested failed 
to react with the base, so recourse was had to the bromoeth}! 
compounds. These were preferred to the iodo derivatives, since, 
as often observed with other tj^pes of halogen compoimds, the 
salts resulting from the iodo derivatives proved to be insoluble 
in water. 

With both the bromoethers and esters the reaction with hexa- 
methylenetetramine was found to be very slow and in most 
cases the yields were poor. The best results were obtained by 
the use of a high boiling solvent such as toluene or by allowing 
the chloroform solution of the components to stand at room 
temperature for several months. The low solubilit3'- of hexa- 
methylenetetramine in boiling toluene and the danger of de- 
composition at this high temperature are disadvantages of the 
former method. 

During the work with this group of substances, occasion de- 
manded the preparation of a number of new bromoethj’I ethers 
and esters, a description of which will be found in the following. 
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EXPERIMENTAL. 

(i) Bromoethyl ethers and their derivatives. 

Phenoxyethylhexamethylenetetraminium bromide. The saltgrad- 
ually separated in small yield from the solution of phenoxyethyl 
bromide and the base in dry chloroform during several hours’ 
boiling. Additional amounts were obtained by further heating 
of the filtrate. The salt melts at 151-2°, is easily soluble in water, 
and gives a faint pink color with sulphuric acid. 

0.2002 gm. of substance required 6.0 cc. AgNOj Solution I.> 

Calculated for CMHsiON^Br; Br = 23.42 per cent. 

Found: Br =' 23.78 per cent. 

0 -M ethylph enoxyeth ylhexaniethylenetetraminmm bromide. 22 
gi-ams of o-cresoxyethyl bromide’ and 15 grams of hexamethylene- 
tetramine were dissolved in 150 ce. of dry chloroform and allowed 
to stand five months at room temperature. Yield: 30 grams of 
salt, melting at 185^’. It forms glistening prisms and plates 
which dissolve with difficulty in water. It turns pink in sulphuric 
acid, giving an orange solution which gradually changes to red. 

0.2091 gm. of substance required 5.9 cc. AgNOs Solution I. 

Calculated for CuHijON^Br; Br = 22.49 per cent. 

Found: Br = 22.38 per cent. 

vi-Metliylphenoxy ethyl bromide {m-cresoxyethyl bromide). 108 
grams of ?n-cresol, a solution of 80 grams of 50 per cent aqueous 
sodium hydroxide in 250 cc. of absolute alcohol, and 300 grams of 
ethylene bromide were boiled three to four hours under a reflux. 
The mixture tvas then diluted wdth water, made distinctly 
alkaline rvith sodium hydroxide, and extracted with ether. The 
ether was distilled off and the residue fractionated in vacuo. 
The bromoethyd ether tvas obtained as a colorless oil boiling at 
136-7° at 14 mm. Yield: 55 grams. This was redistilled before 
analysis. 

0.1539 gm. of substance (Carius) gave 0.1314 gm. AgBr. 

Calculated for CoHnOBr: Br = 37.16 per cent. 

Found: Br = 36.34 per cent. 


1 1 cc. = 0,00352 gm. Cl; 0.00793 gm. Br; 0.01259 gm. I. 
' L. Gattcrmann: Ann. d. Chem., cccivii, p. 356, 1907. 
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The high-boiling residue from the distillation of the above 
bromoethyl ether was taken up in hot alcohol and filtered. The 
ethylene ether separated on cooling, but was not further 
investigated. 

m-'Methxjlphenoxyethylhexamclhyleneielraminmm hrojnide. This 
was prepared in the same way as the ortho isomer. The salt 
separated with chloroform of crj'stallization, and was therefore 
boiled with drj' acetone. As it was still found to be impure, it 
was taken up in hot absolute alcohol and filtered rapidly from the 
undissolved residue. 5 grams of the salt separated on cooling. 
It melted at 155-6°, dissolved readily in water, and gave a pink 
color with sulphuric acid. 

0.1779 gm. of substance required 5.15 cc. AgXOj Solution I. 

Calculated for Ci 3 H: 30 X<Br: Br = 22.49 per cent. 

Found: Br = 22.92 per cent. 

p-Meihylphenoxyethylhexamethylenetetramininm bromide. The 
salt was obtained in the same waj’- as the ortho isomer. Yield: 
33 grams, containing chloroform of crj'stallization. After boil- 
ing with drj' acetone, the salt melted at 176°. It was somewhat 
more readilj" soluble in water than the ortho isomer, and gave 
no color with sulphuric acid. 

0.2071 gm. of substance required 5.8 cc. .AgXOa Solution I. 

Calculated for CiiHnOX<Br: Br = 22.49 per cent. 

Found; Br = 22.21 per cent. 

a-Naphthyl bromoethyl ether {a-naphthoxyethyl bromide). This 
was prepared in the same waj' as w-cresoxj'ethjd bromide. Yield: 
110 grams, boiling at 154-6° at 0.8 mm., from 145 grams of a-naph- 
thol, 80 grams of 50 per cent aqueous sodium hj'dro.vide in 250 
cc. of absolute alcohol, and 500 grams of ethj'Iene bromide. The 
boiling point was unchanged by a subsequent distMlation. A few 
drops of the substance, on long standing in a freezing mixture, 
with occasional rubbing, jnelded crj'stals which caused the solidi- 
fication of the entire distillate. Reciystallized from ligroin with 
the aid of a freezing mixture, the ether forms transparent, he.x- 
agonal plates which melt at 25° (corrected) with slight prelimi- 
naiy softening. At room temperature it is sparinglj- soluble in 
methyl and ethyl alcohols, readilj'so in benzene, ether, and ligroin. 
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It turns orange under sulphuric acid and dissolves with a greenish 
yellow color. 

0.2253 gm. of substance gave 0.1657 gm. AgBr. 

Calculated for Ci 2 HuOBr; Br = 31.83 per cent. 

Found; Br = 31.29 per cent. 

Practically no ethylene ether w^as formed in this experiment. 

a-Naphthoxyethylhexamethyleneteirmniniwn bromide. This was 
prepared in the same manner as the three preceding salts. The 
compound forms glistening platelets which turn yellow above 
170°, melt with decomposition at about 175°, and are very diffi- 
cultly soluble in water. With sulphuric acid it gives a transitory 
green color tvhich changes to brown by reflected light and blue 
by transmitted light. 

0.2042 gm. of substance required 5.3 cc. AgNOs Solution I. 

Calculated for CisHsjON^Br: Br = 20.38 per cent. 

Found: Br = 20.58 per cent. 

0-N aphthoxyethylhexaviethyleneteiraminium bromide. The salt, 
prepared as in the above cases, separated in glistening leaflets 
containing chloroform of crystallization which could not be 
removed by boiling with acetone or alcohol. It is very difficultly 
soluble in water, gives an olive-yellow color with sulphuric acid, 
and decomposes at about 180°. An aqueous suspension, when 
boiled, evolves chloroform and acquires a nerolin-like odor. 

0.2075 gm. of substance required 8.87 cc. AgNOj Solution II.’ 

Calculated for CisHsjON^BrJCHCh: Br = 17.71 per cent. 

Found: Br = 17.91 per cent. 

2,4,6~Trichlorophenoxyet}ujl bromide. 50 grams of 2,4,G-tn- 
chlorophenol were dissolved in 100 cc. of absolute alcohol con- 
taining 20 grams of 50 per cent aqueous sodium hydroxide and 
mixed with 300 grams of ethylene bromide. The mixture wms 
boiled for five hours, separating into two layers. After adding 
an excess of sodium hydroxide, the unused ethylene bromide was 
blown off with steam. On cooling, the oily reaction product 
crystallized. This was shaken out with chloroform, and, on 
evaporation of the solvent, remained in practically pure form. 


’ 1 cc. = 0.004192 gm. Br. 
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Recrj'stallized twice from absolute alcohol, it melts at 47-8° (cor- 
rected). It is readily soluble in ether, benzene, and toluene, 
difF.cultly in cold absolute alcohol. 

0.1S2S gm. of substance (Carius) gave 0.3707 gm. AgCl -r .-tgBr. 

Calculated for CsHtOCljBr: Cl = 34.93 per cent;. Br = 26.24 per cent. 

Found; Cl = 34.92 per cent; Br = 26.24 per cent. 

2,4,6-TrichJorophenoxiie(hyldiviethylamine hydrochloride. 20 
grams of 33 per cent aqueous dimethylamine were added to a 
solution of 15 grams of trichlorophenoxj'ethyl bromide in 50 cc. 
of benzene. The flask containing the mixture was stoppered 
and frequently shaken during the course of three daj's, the aque- 
ous layer, which at first floated on the benzene, graduallj* sinking 
to the bottom. The mixture was finall}' warmed for one hour 
on the water bath and then evaporated in vacuo to a S 3 Tup. This 
was taken up in water, made alkaline with sodium hydroxide, 
and extracted with ether. The residue obtained bj- concen- 
tration of the ether layer was treated with concentrated hj'dro- 
chloric acid, diluted with absolute alcohol, and precipitated with 
ether. 7 grams of the hj'drochloride were obtained in this waj" 
in the form of long, silkj- needles, melting at 187-9°. It dis- 
solves readih' in water and absolute alcohol. 

0.19SS gm. of substance required 6.5 cc. AgXOj Solution I. 

Calculated for CicHnONCli HCl: Cl~ = 11.62 per cent. 

Found: Cl“ = 11.51 per cent. 

2,4,G-Trichlorophenoxyethylpiperidine hydrochloride. 7 grams 
of piperidine were added to a solution of 10 grams of trichloro- 
phenoxj’-ethyl bromide in 25 cc. of benzene, after which the mix- 
ture was warmed on the water bath for two hours. The mixture 
was cooled, diluted with ether, and the piperidine hydrobromide 
filtered off and washed with ether. The filtrate was distilled to 
small bulk, made alkaline with sodium hj'droxide, and freed from 
unchanged piperidine bj' distillation with steam, a small amount 
of the new base being also carried over. The residue was shaken 
out with ether, which was then dried and evaporated to small 
bulk. As the resulting oil did not erj-^staUize, it was taken up 
in a httle absolute alcohol, treated with an excess of concentrated 
hj'drochloric acid, and evaporated on the water bath until crj*s- 
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tallization commenced. The mixture was then cooled and treated 
with ether until the maximum amount of hydrochloride had been 
precipitated. Yield: 7 grams. The salt melts at 188-9° and 
is easily soluble in water and alcohol. 

0.2036 gm. of substance required 5.95 cc. AgNOj Solution I. 

Calculated for CnHiGONClj-HCl: Cl~ = 10.27 per cent. 

Found: Cl“ = 10.28 per cent. 

'p-Bromo'phenoxyethyl bromide. Phenoxyethyl bromide was 
treated in chloroform solution with 1.1 mols. of bromine. The 
solution was allowed to stand several hours and was then concen- 
trated to a S 3 n’up. When this was chilled it formed a crystalline 
mass which was rubbed up with ligroin and sucked off. Re- 
crystallized first from ligroin, then from absolute alcohol, it 
forms rhombs which melt at 56-7° (corrected) with slight pre- 
liminary softening. The bromide dissolves readily in benzene 
and ether, difficultly in cold absolute alcohol. 

0.1466 gm. of substance (Carius) gave 0.1970 gm. AgBr. 

Calculated for CsHsOBrj: Br = 57.11 per cent. 

Found: Br = 57.19 per cent. 

p-Bromophenoxyethylhexamethylenetetraminium bromide. This 
was obtained by boiling the components in dry chloroform. The 
rate of addition was very slow. The salt decomposes at 185-6°, 
is difficultly soluble in water, and gives a faint yellow color with 
sulphuric acid. 

0.2707 gm. substance required 6.57 cc. AgNOs Solution I. 

Calculated for Ci 4 H:oON 4 Br 2 : Br = 19.03 per cent. 

Found: Br = 19.25 per cent. 

Tribromo-p-viethylphenoxyethyl bromide (tribromo-p-cresoxijethyl 
bromide). 17 grams of tribromo-p-cresol, a solution of 4 grams 
of 50 per cent aqueous sodium hydroxide in 25 cc. of absolute 
alcohol, and 75 grams of ethylene bromide were boiled for four 
hours. The product was distilled with steam and the residue 
treated with alkali to dissolve the unchanged cresol. The undis- 
solved oil was taken up in chloroform, dried, and evaporated to 
small bulk. The residue crystallized on cooling. Recrystallized 
from acetic acid, in which it is difficultly soluble in the cold, it 
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melts at 50-1° (corrected), with preliminary softening. It is easily 
soluble in benzene and acetone, less so in cold absolute alcohol. 

0.1248 gm. of substance (Carius) gave 0.2090 gm. AgBr. 

Calculated for CsHjOBn: Br = 70.77 per cent. 

Found: Br = 71.30 per cent. 

Tribrojno-p-methylphenoxyethijlhexamethylenetelraminhm bro- 
mide. Equimolecular amounts of the components were allowed 
to stand in chloroform solution for four months. The deposited 
salt was filtered off, dried, and washed first with a little ice water, 
then with alcohol and ether. It melts at 181°, is very difficultly 
soluble in water, and gives no color with sulphuric acid. 

0.196.5 gm. of substance required 3.4 cc. AgNO, Solution I. 

Calculated for CjjHjoOXiBr,: Br~ = 13.50 per cent. 

Found; Br“ = 13.73 per cent. 

Tribromo-p-methylphenoxyethylpiperidine hydrobromide. This 
salt was prepared for comparison with the hexamethylenetetra- 
minium salt. 5 grams of tribromo-p-creso-\yethyl bromide were 
dissolved in 10 cc. of benzene and 2.5 grams of piperidine added. 
After boiling on the water bath for several hours, the precipitated 
piperidine h 5 '-drobromide was filtered off and washed with ben- 
zene. The filtrate was concentrated to a syrup, taken up in 
absolute alcohol, and treated with an e.\'cess of hj'drobromic acid. 
The salt crystallized upon the addition of water, and was filtered 
off and washed with acetone and ether. The yield was almost 
quantitative. As the product had an irritating odor, it was re- 
crystallized from a small amount of absolute alcohol. It is 
fairl}'- readib’’ soluble in water and is precipitated from its solu- 
tion bj' hydrobromic acid. Heated in a tube sealed at both ends, 
it melts and decomposes at 223-30°. 

0.2151 gm. of substance required 3 95 cc, .\gXO 3 Solution I. 

Calculated for CnHuOXBrjHBr: Br~ = 14.S9 per cent. 

Found; Br~ = 14.57 per cent. 

Teirabromo-p-metliylphenoxyethyl bromide. In one experiment 
on the preparation of the tribromo compound in which an impure 
tribromo-p-cresol, containing apparentb’’ some tetrabromo cresol, 
had been used as starting material, a small amount of the tetra- 
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bromo compound was separated from the reaction product bv 
virtue of its greater insolubilit 3 '- in absolute alcohol. It formed 
long, delicate, glistening needles, which, when recrystallizcci 
twice from acetic acid, melted at 106-7.5° with preliminary 
softening. 

0.1632 gm. of substance (Carius) gave 0.289S gm. AgBr. 

Calculated for CsHyOBrs: Br = 75.19 per cent. 

Found: Br = 75.57 per cent. 

o-Acetaminophenoxyethyl bromide. 75 grams of o-acetainino' 
phenol were dissolved in a mixture of 40 grams of 50 per cent 
aqueous sodium hydroxide and 250 cc. of absolute alcohol. After 
adding 500 grams of ethylene bromide, the mixture was boiled 
for two hours. The alcohol and excess of ethylene bromide were 
distilled off with steam, after which the insoluble material solidi- 
fied on cooling. This was dried and taken up in chloroform, 
in which the ethylene ether (30 to 40 grams) was found to be 
insoluble. The filtrate was evaporated to small bulk, precipi- 
tated with ligroin, and the product recrj^stallized from dilute 
alcohol. Yield: 60 grams. Recrystallized twice from absolute 
alcohol, the bromide forms needles melting at 90-0.5° (corrected) 
with preliminary softening. It is readily soluble in benzene and 
chloroform, less so in ether. 

0.2769 gm. of substance (Kjeldahl) required 10.85 cc. -fs- HCl. 

0.1806 gm. of substance gave 0.1330 gra. AgBr. 

Calculated for CioHxsOsNBr: N = 5.43 per cent; Br = 30.96 per cent. 

Found: N = 5.49 per cent; Br = 31.33 per cent. 

o-Acetaminoplienoxyethylhexamethylenetetraminmmhromidc. 17 

grams of the salt were obtained from a mixture of 13 grams of 
bromide, 7 grams of hexamethylenetetramine, and 70 cc. of 
chloroform allowed to stand at room temperature for five months. 
The salt was further purified by boiling with dry acetone, after 
which it melted at about 160°. It is slowly, but freel}'’, soluble 
in water and gives a faint pinkish color with sulphuric acid. 

0.2069 gm. of substance required 5.15 cc. AgNOj Solution I. 

Calculated for CicHijOsNsBr: Br = 20.09 per cent. 

Found: Br = 19.74 per cent. 
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o-Aminophenoxyethyl bromide hydrobromide. o-Acetarninophen- 
oxyethyl bromide was saponified by boiling for two hours with 
a mixture of one part of aqueous hydrobromic acid (d 1.49) and 
two parts of absolute alcohol. The amino hydrobromide, which 
separated in long needles on cooling, was recrystallized from 
absolute alcohol. It melts and decomposes at 193-8°. In 
aqueous solution it gives a lilac color with ferric chloride. 

0.1997 gm. of substance gave 0.2543 gm. AgBr. 

Calculated for CaHioONBr-HBr: Br = 53.83 per cent. 

Found; Br = 54.20 per cent. 

o-Aminophenoxyethyl bromide was obtained by adding just 
enough sodium hydroxide to a cold solution of the above salt. 
It separates as an oil which rapidly changes to glistening leaflets. 
These were quickly dried and recrystallized from ligroin, since, 
on keeping, the base liquefies owing to internal condensation. 
It melts at 36-7° (corrected). 

0.2392 gm. of substance (Kjeldahl) required 11.05 cc. rx HCl. 

Calculated for CsHioONBr: N = 6.48 per cent. 

Found: N = 6.47 per cent. 

o-Aminophenoxyethylpiperidine hydrochloride. 15 grams of 
o-acetaminophenoxyethyl bromide in 100 cc. of benzene were 
treated with 12 grams of piperidine and warmed gently. The 
reaction proceeded smoothly, accompanied by the separation 
of piperidine hydrobromide. After standing over night, the 
mixture was heated for a short time on the water bath, cooled, 
treated with an equal volume of ether, and filtered. The filtrate 
was evaporated in vacuo to a syrup, taken up in absolute alcohol, 
and treated with an equal volume of concentrated hydrochloric 
acid. The mixture was boiled for two hours in order to remove 
the acetyl group, evaporated to small bulk in vacuo, taken up 
in absolute alcohol, and precipitated with ether. Yield: 15 
grams. Recrystallized from absolute alcohol, the salt . forms 
short, thick prisms melting at 184-5.5°. It dissolves readily in 
water and hot absolute alcohol, the former solution giving a deep 
brown color when warmed with a drop of ferric chloride solution. 

0,2326 gm. of substance required 9.07 cc. AgICOa Solution 

Calculated for CuHioONj HCl; Cl = 13.82 per cent. 

Found: Cl = 13.72 per cent. 
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o-Aininophenoxyethylpiperidine. In D. R.-P. 88502^ it is stated 
that this substance is foi-med by the reduction of o-nitro- 
phenoxyethylpiperidine, but no description of the product is 
given. As prepared by decomposition of the hydrochloride with 
sodium carbonate it forms a rapidly solidifying oil, which, recrys- 
tallized first from 50 per cent alcohol, then from ligroin, foims 
almost colorless diamond-shaped plates which melt at 69-70° 
(corrected) with preliminary softening. These are readily solu- 
ble at room temperature in the neutral organic solvents, e.xcepting 
ligroin. 

0.1243 gm. of substance gave 13.95 cc. N (774 mm. and 24°). 

Calculated for CisHooONi: N = 12.72 per cent. 

Found: N = 12.76 per cent. 

p-A cetammoplienoxyetliyViexamethylenetetraminium bromide. 13 
grams of p-acetaminophenoxymthyd bromide, 7 grams of hexa- 
methylenetetramine, and 70 cc. of chloroform were allowed to 
stand for five months at room temperature. 13 grams of the 
crude salt were obtained. After boiling out with dry acetone it 
melted at 196-8°. It is difficultly soluble in water and darkens 
in sulphuric acid, giving a faint blue-gray color. 

0.1972 gm. of substance required 4.9 cc. AgNOj Solution I. 

Calculated for CioH240N5Br: Br = 20.09 per cent. 

Found: Br = 19.71 per cent. 

o-Carbomethoxyphenoxy ethyl bromide {2-bromoethoxybenzoic aad 
methyl ester). 50 grams of methyl salicylate, a solution of 28 
grams of 50 per cent aqueous sodium hj'-droxide in 200 cc. of 
absolute alcohol, and 200 grams of ethylene bromide were boiled 
for four hours. The mixture was diluted with water, made alka- 
line, and extracted with ether. The residue obtained from the 
ether extract was fractionated in vacuo. The bromoethjd ether 
boils at 186-8° at 20 mm., and, on standing, partly solidifies. 
The crystalline portion was recrystallized twice from absolute 
alcohol, forming large, thick, transparent plates which melt at 
37.5-8? (corrected). The compound is readily soluble at room 
temperature in the usual solvents except water. The yield was 
poor. 

^ Friedlaenders Forlschr. d. Teerfarbcnf abrikalion, iv, p. 814, 1894-97. 
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0.1741 gm. of substance (Carius) required 0.1239 gm. AgBr. 

Calculated at CicHnOjBr: Br = 30.S5 per cent. 

Found: Br = 30.30 per cent. 

With hexamethylenetetramine in drj' chloroform, the bromide 
gave onij' hexametb 5 denetetraminium bromide. 

2-Bromoethoxybenzamide. 50 grams of salicylamide were dis- 
solved in a solution of 8 grams of sodium in 250 cc. of absolute 
alcohol and 200 grams of ethylene bromide added. After boil- 
ing for one hour, the alcohol and excess of ethjdene bromide were 
blown off with steam. The residual mixture was made alkaline 
and chilled, causing the gradual solidification of the oilj' reac- 
tion product. This was filtered off, boiled up with chloroform, 
allowed to cool, and the solution filtered from the residue of ethjd- 
ene compound (14 grams; see below). The addition of ligroin 
to the filtrate resulted in the precipitation of the 2-bromoethoxj - 
benzamide, which melted at 112-4°. Yield: 23 grams. 

0.2449 gm. of substance (Kjeldahl) required 10.44 cc. HCl. 

Calculated for CsHioOiXBr; N = 5.74 per cent. 

Found: N = 5.97 per cent. 

Salicylamide elhylene ether, 

o-HoNOCCeH^OCHeCHsOCsH^CONHs. 

A portion of the ethylene ether obtained above was recrj*stal- 
lized twice from acetic acid and washed with acetone. It forms 
crystals which melt at 211.5° (corrected) and are difficultly solu- 
ble at room temperature in the usual solvents. 

0.1948 gm. of substance (Kjeldahl) required 13.25 cc. ^ HCl. 

Calculated for CitHi504N's: N = 9.33 per cent. 

Found: N = 9.53 per cent. 

(2) Bromoethyl esters and their hexamethylenetetramininm salts. 

Acetoxyethylhexamethylenetetraminium bromide. 9 grams of 
bromoethyl acetate (ethylene bromoacetin) and 7 grams of hexa- 
methylenetetramine in 50 cc. of drj' chloroform were heated in 
a sealed tube for one hour at 105°. The salt separated as silky 
needles which dissolved readily in water and melted at 172-3°. 
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The usual method of preparation resulted in the formation of an 
impure salt. 

0.2058 gm. of substance required 6.95 ec. AgNOs Solution I. 

Calculated for CioHioOjN^Br: Br = 26.03 per cent. 

Found: Br = 26.79 per cent. 

Benzoyloxyethylhexamethylenetetraminium bromide. 12 grams 
of bromoethyl benzoate® and 7 grams of hexamethylenetetramine 
were boiled for two hours in 200 cc. of dry toluene. The salt 
formed a thick mass of glistening needles on cooling. It melts 
to a yellow paste at 16T-5° and is rather difficultly soluble in 
water. 

0.2021 gm. of substance required 5.6 cc. AgNOs Solution I. 

Calculated for Ci6H2i02N4Br: Br = 21.66 per cent. 

Found: Br = 21.98 per cent. 

Bro7noethyl p-nitrohenzoate. 28 grams of eth5dene bromohy- 
drin and 40 grams of p-nitrobenzoyl chloride were heated on the 
water bath. Hydrochloric acid was slowly evolved, and the 
solution was finally heated in an oil bath at 140° until the evolu- 
tion of gas ceased. The product, which solidified on cooling, 
was taken up in ether and shaken out with dilute alkali to remove 
p-nitrobenzoic acid. After concentration of the ether solution 
the ester solidified. Yield: 41 grams. Recrystallized twice from 
absolute alcohol, it forms faintly yellow rhombic crystals melting 
at 47-50° (corrected). It is readily soluble in benzene, chloro- 
form, and ether. 

0.1990 gm. of substance (Kjeldahl) required 6.90 cc. x^HCl. 

0.1814 gm. of substance (Carius) gave 0.1192 gm. AgBr. 

Calculated for CsHsO^NBr: N = 5.11 per cent; Br = 29.16 per cent. 

Found: N = 4.86 per cent; Br = 27.97 per cent. 

p-Nitrobe7izoyloxycth7jlhexamethyleneletra7ninium bromide. 10 
grams of the bromoethyl ester and 5 grams of hexamethjdenc- 
tetramine in 100 cc. of dry toluene were boiled for five hours. 
The liquid gradually'’ became filled with a mass of glistening 
leaflets. 4 grams of the salt were obtained in this way, while 
the mother liquors yielded an additional quantity when boiled 

5 K. Auwers and E. Bergs: Ami. d. Chem., cccxx.vii, p. 209, 1904. 



W. A. Jacobs and M. Heidelberger 451 

again. The compound melts with decomposition at 190-1° 
and is difficultly soluble in water. 

0.1890 gm. of substance required 4.65 cc. AgNOa Solution I. 

Calculated for CisHjoOaNsBr; Br = 19.31 per cent. 

Found: Br = 19.52 per cent. 

p-Nilrobenzoyloxyeihylhexainethylenetelraminiujn iodide. Be- 
fore the above bromide had been prepared, an attempt had been 
made to combine chloroethyl p-nitrobenzoate with hexamethyl- 
enetetramine. As this had not been successful under the con- 
ditions tried, resort was had to the iodoethjd ester. This re- 
acted very slowly with the base in boiling chloroform, precipi- 
tation of the salt being incomplete even after several days. The 
compound forms glistening yellow' platelets w'hich melt at 176-8° 
and are very difficultly soluble in cold w'ater. 

0.2017 gm. of substance required 4.45 cc. AgNOj Solution I. 

Calculated for Ci 5 Hjo 04 NsI: I = 27.53 per cent. 

Found; I = 27.78 per cent. 

During the present investigation the following bromoeth 3 i 
esters were prepared, but because of pressure of other work no 
attempt was made to obtain the hexamethylenetetraminium 
salts from them. 

Bromoethyl acetylsalicylale. To a w'ell chilled solution of 10 
grams of ethjiene bromohj-drin in 45 grams of pyridine w'ere 
slow'lj' added 16 cc. of acetylsalicylic chloride.® After several 
hours the mixture was poured into an excess of iced 25 per cent 
sulphuric acid. The red oil w'hich separated was taken up in 
ether, washed with dilute sulphuric acid and w'ater, dried over 
calcium chloride, and, after evaporation of the ether, fraction- 
ated in a high vacuum. The ester boils at 150-60° at 0.7 mm. 
and crystallizes on cooling. Recrj'stallized twice from absolute 
alcohol, it forms thick plates and prisms possessing an aromatic 
odor. It melts at 62-2.5° (corrected) with preliminarj' softening 
and dissolves readily in ether, chloroform, and benzene. 

0.1575 gm. of substance (Carius) gave 0.1029 gm. AgBr. 

Calculated for CiiHiiO<Br; Br = 27.84 per cent. 

Found: Br = 27.81 per cent. 


‘ R. .Anschutz: Ann. d. Chem., ccclxvii, p. 172, 1909. 
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Bromoethyl acetyl-p-cresoiinate. The crude chloride prepared 
from 40 grams of acetyl-p-cresotinic acid^ was dissolved in dry, 
alcohol-free ether and slowly added to a well chilled solution 
of 25 grams of ethylene bromohydrin in 125 grams of pjaidinc. 
After one-half hour the mixture was poured into water and the 
resulting heavy'- oil taken up in ether. This was shaken out 
successively with dilute sulphuric acid and sodium carbonate 
solution and dried. The I'esidue obtained after evaporation of 
the ether crystallized on chilling and scratching, after which it 
was disintegrated with a little ligroin and sucked off. 25 grams 
of the ester were obtained after recrystallization from ligroin. 
Recrystallized from toluene with the aid of a freezing mixture, 
it forms delicate, glistening needles which melt at 62.5'3? (cor- 
rected) with slight preliminary softening. It is difficultly soluble 
in ligroin, easily in benzene and toluene. 

0.1402 gm. of substance gave 0.0S58 gm. AgBr. 

0.1179 gm. of substance gave 0.2072 gm. CO-! and 0.0458 gm. H-O. 

Calculated for CisHnO^Br: C = 47.83%; H = 4.35%; Br = 26.64%. 

Found: C = 47.92%; H = 4.35%; Br = 26.05%. 

Bromoethyl anisate. 18 grams of ethylene bromohydrin and 
24 grams of anisoyl chloride (from anisic acid and thionyl chloride) 
were warmed on the water bath. When the vigorous evolution 
of hydrochloric acid had ceased, water was added and the mixture 
shaken out with ether. This was washed with dilute sodium 
carbonate solution, dried, and evaporated to small bulk. The 
residue boiled' at 189-91° at 14 mm., and yielded 27 grams of 
the ester. At 0.5 mm. the boiling point was 140° (corrected). 

0.1915 gm. of substance required 14.05 cc. AgNOj Solution I. 

Calculated for CipHnOjBr; Br = 30.84 per cent. 

Found: Br = 30.76 per cent. 

Bro7noeihyl m-chloroacctylamino7neth7jlhenzoate, 

m-ClCHzCONHCHsCcH.COOCHzCHuBr. 

15 grams of jn-carbo.xyehloroacetylbenzydamine (m-chloroacetyl- 
aminomethylbenzoic aeid)* were converted into the chloride.'* 

^ R. Anschiitz and J. Sieben: Ann. d. Chcm., ccclxvii, p. 245, 1909. 

® A. Einhorn and T. Mauermayer: ibid., cccxliii, p. 295, 1905. 

” See Paper II of this series, this Journal, xx, p. 693, 1915. 
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This was dissolved in chloroform and slowly added to a well 
chilled solution of 8 grams of ethylene bromohydrin in 50 grams 
of pjwidine. After fifteen minutes the mixture was poured into 
an excess of iced 25 per cent sulphuric acid and shaken out with 
ether. When this was evaporated the residue crystallized. 20 
grams of the ester were obtained after recrj’stallization from 
dilute alcohol. Recrystallized twice from benzene containing a 
little ligroin, then twice from absolute alcohol, using bone-black, 
it forms minute, pale yellow prisms which melt at 107-8.5° 
(corrected). 

0.2010 gm. of substance (Kjeldahl) required 6.25 cc. ^ HCl. 

0.0806 gm. of substance gave 0.0780 gm. AgCl + AgBr. 

Calculated for CisH,jO,NClBr: N = 4.19 %; Cl = 10.60 %; Br = 23.89%. 

Found: N = 4.36%; Cl = 10.36%; Br = 23.35%. 




THE QUATERNARY SALTS OF HEXAMETHYLENE- 
TETRAMINE. 

VII. co-HALOGEN DERIVATIVES OF ALrPHA.TIC-AROMATIC 
KETONES AND THEIR HEXAMETHYLENE- 
TETRAMINIIJM SALTS. 

By W.ALTER a. JACOBS and MICHAEL HEIDELBERGER. 
(From Ihe Laboratories of The Rockefeller Instilule for Medical Research.) 

(Received for publication, April 30, 1915.) 

The preparation of quatemarj’’ salts b3^ the addition of hex- 
amethjdenetetramine to halogen ketones has already been the 
subject of a study by Mannich and Hahn,^ who used these sub- 
stances as the starting material for the preparation of a few 
aminoketones according to the method of DeMpine.“ In our 
study of the quaternary salts of this base, we have had occasion 
to extend the work considerablj’- in this direction. The results 
obtained will be the subject of the following. 

Contrarj" to the facts obseiw-ed in the use of the chloroa cetyl 
derivatives of amino compounds, which, as a rule, reacted verj' 
smoothly nith hexamethylenetetramine, the co-chloroacetophenones 
were found to be unsuitable. This was due partty to the slowness 
of the reaction and partty to the decomposition which accompanied 
prolonged heating of the components. The best results were 
obtained bj^ employing the bromo or iodoketones. These reacted 
verj' readily with the base and the products were easily isolated. 
The salts obtained from the bromo compounds were preferred 
to those derived from the iodides owing to their greater solu- 
bility. 

In the course of the work, a number of new halogen ketones 
were prepared, folloning \rith slight variations the methods 
of Kunckell and his coworkers.^ 

* C. Mannich and F. H. Hahn: Ber. d. deulsch. chetn. Gcsellsch., .xliv, 
p. 1542, 1911. 

" M. Deldpine: Ah//. Soc. chini., series 3, xiii, p. 356, ]S9S;xvii,p.293. 1S97. 

’ F. Kunckell: Ber. d. deulsch. chem. Gescllsch., xxx, pp. 577, 1713, 1S97', 
xxxi, p. 169, 1S9S; x.xxiii, pp. 2641, 26W, 1900. 
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EXPERIMENTAL. 

Oi-Bromoacetophendneoxime and hexamethylenetetramine. 6,9 
grams of w-bromoacetophenoneoxime^ were added to a warm so- 
lution of 4.6 grams of hexamethylenetetramine in dry chloroform. 
The reaction product precipitated immediately as a transparent 
gum. This gradually ciystallized on standing several days with 
occasional rubbing. The crude salt thus obtained was ground 
up in a mortar with dry chloroform, filtered off, and washed well 
with the solvent. Yield: 11.2 grams. It melts with decom- 
position at 139°. 

0.2040 gm. of substance required 6.05 cc. AgNOs Solution 1.® 

Calculated for CnHjoONjBr: Br = 22.57 per cent. 

Found: Br = 23.53 per cent. 

p-Methylphenacylhexamethylenetetraminium hromide. 12 grams 
of p-methylphenacyl bromide (p-tolyl bromomethyl ketone®) 
were added to a solution of 8 grams of hexamethylenetetramine 
in dry chloroform. After the evolution of heat had ceased, the 
solution was boiled a few minutes, cooled, filtered from a slight 
precipitate, and treated with several volumes of dry acetone. 
The salt separated as slightly pinkish, minute prisms which 
melted at 148-9° to an orange-brown liquid. It dissolves readily 
in water and chloroform. Yield 13.9 grams. 

0.2270 gm. of substance required 6.41 cc. AgNOj Solution I. 

Calculated for Ci 6 H 2 iON 4 Br: Br = 22.63 per cent. 

Found: Br = 22.40 per cent. 

p-Tolyl iodomethyl ketone {p-methylphenacyl iodide). 10 grams 
of 50-tolyl chloromethyl ketone® were dissolved in a little dry ace- 
tone and treated with 70 cc. of a normal solution of sodium iodide 
in dry acetone. After standing several days in the dark at room 
temperature the mixture was poured into water, precipitating an 
oil which soon solidified. Recrystallized twice from 95 per 
cent alcohol, the iodide forms cream-colored needles which melt 
at 42-3° (corrected) and are readily soluble in the usual organic 
solvents. It has an acrid, irritating odor. 

^ H. Korten and R. Scholl; Bcr. d. deulsch chem. Gesellsch., xxxiv, 
p. 1907, 1901. 

* 1 cc. = 0.00352 gm. Cl; 0.00793 gm. Br; 0.01259 gm. I. 

' Kunckell: Bcr. d. dcutsch. chem. Gesellsch., xxx, pp. 577, 1713, 1897. 
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0.14C3 gin. of substance (Cariils) gave 0.1328 gm. Agl. 

Calculated for C9H9OI: I = 48.82 per cent. 

Found ; I = 49.07 per cent. 

‘p-Meihyl'phenacylhexamethylenetelraminium iodide. On adding 
the iodo ketone to a cold solution of the base in drj^ chloroform 
heat was immediately evolved and the solution soon set to 
a solid cake. The salt separates practically quantitativeb’- in 
the form of colorless micro-needles which melt at 157-8° to a 
red-brown tar. It is veiy difficultly soluble in cold water. 

0.2761 gm. of substance required 6.93 cc. AgKOj Solution I. 

Calculated for CjsH-jONiI: I = 31.72 per cent. 

Found; I = 31.60 per cent. 

0 -Xylyl bromomethyl ketone. 11 grams of o-xylene were mixed 
with 22 grams of bromoacetyl bromide and added in small amounts 
to a suspension of 21.5 grams of powdered aluminium chloride 
in diy carbon disulphide. After the first vigorous evolution of 
hydrobromic acid had subsided the mixture was warmed slightb* 
for about an hour and finally poured into ice water. The 
lower laj'er was taken up with ether, washed successively with 
dilute hydrochloric acid, dilute sodium carbonate solution, and 
finally with water. It was then dried, evaporated to small 
bulk, and diluted with ligroin before crystallization had set in. 
This modification of Kunckell’s procedure was used throughout 
in preparing the alkjd-substituted chloro- and bromomethyl 
ketones used in the experiments described in this paper. 63’^ 
cooling the ligroin solution in a freezing mixture 21.5 grams of 
the o-xylyl bromometh3d ketone were obtained. ReciystaUized 
from ligroin it forms large, slightly brownish needles vdth an 
irritating odor. It melts at 62-2.5° (corrected) and is somewhat 
less soluble in ligroin than in the other usual organic solvents. 
In sulphuric acid it gives a greenish 3'ellow color, in alcoholic 
sodium h3ffiroxide an orange color. It is probably identical with 
the product melting at 63-4° obtained by Armstrong and ICip- 
ping" b3'^ brominating o-X3"l3'l methyl ketone, although these au- 
thors assign the bromine to a position on the aromatic nucleus. 

0.1461 gm. of substance required 12.40 cc. AgXOj Solution II.* 

Calculated for CioHnOBr: Br = 35.19 per cent. 

Found: Br = 35.58 per cent. 

• H. E. Armstrong and F. S. Kipping; Jour. Chem. Soc., l.xiii, p. 86, 1893. 

* 1 cc. = 0.004192 gm. Br. 
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o-Xylyl hromomethjl ketone and hexamethylenetetramine. This 
was prepared in the same way as p-methylphenacjdhexamethylene- 
tetraminium bromide. The crude product was purified by boil- 
ing for three-quarters of an hour with dry acetone. The salt 
melts at 137-8° to a red liquid. 

0.1916 gm. of substance required 5.12 cc. AgNOa Solution I. 

Calculated for CicHsaON^Br: Br = 21.77 per cdnt. 

Found: Br = 21.20 per cent. 

m-Xylyl hromomethyl ketone. This was obtained in the same 
way as the ortho isomer. The yield was 11 grams. Recrystallized 
from ligroin with the aid of a freezing mixture, it forms color- 
less micro-leaflets with an irritating odor. It melts at 42-3° 
(corrected), is very soluble at room temperature in the usual 
organic solvents, and gives an olive-yellow color when dissolved 
in concentrated hy'^drochloric or sulphuric acid. 

0.142S gm. of substance gave 0.1188 gm. AgBr. 

Calculated for CioHuOBr: Br = 35.19 per cent. 

Found: Br = 35.41 per cent. 

ni-Xylyl hromomethyl ketone and hexamethylenetetramine. The 
addition of acetone to the filtered chloroform reaction mixture 
resulted in the deposition of the pure salt in the form of rosettes 
of needles. It melts at 145-6° to an orange-red liquid. 

0.2141 gm. of substance required 5.77 cc. AgNOs Solution I. 

Calculated for Ci 6 H: 30 N 4 Br: Br = 21.77 per cent. 

Found: Br = 21.38 per cent. 

p-Ethylphenyl hromomethyl ketone (p-ethylphenacyl hromuk). 
8.3 grams of ethylbenzene (b p 131-5°) were mixed with 16 grams 
of bromoacetyl bromide and added in small amounts to a sus- 
pension of 16 grams of powdered aluminium chloride in dry 
carbon disulphide. The resulting mixture was worked up as 
in the other cases. Yield: 10.9 grams. The ketone forms glis- 
tening micro-platelets which melt at 33-4° (corrected) with slight 
preliminary softening and are very soluble in the organic solvents. 
It has a sharp odor, and gives a pale straw color with sulphuric 
acid. 

0.1875 gm. of substance (Carius) gave 0.1595 gm. AgBr. 

Calculated for CioHnOBr: Br = 35.19 per cent. 

Found: Br = 36.20 per cent. 
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p-BtliylphenaajViexamelhylenelelraminhim bromide. "WTien ace- 
tone is added to the filtered chloroform reaction mixture the salt 
graduallj^ deposits as minute, glistening prisms. It melts and 
decomposes at 146-7°. 

0.1794 gm. of substance required 4.90 ce. AgNOa Solution I. 

Calculated for Ci£H-jON<Br: Br = 21.77 per cent. 

Found: Br = 21.67 per cent. 

Mesityl bromomethyl ketone (2,4,6-trimethylpJienacyl bromide). 
This substance, prepared as in the pre'vious cases, forms glistening, 
colorless plates which melt at 55-6° (corrected) and are less sol- 
uble in ligroin than in the other organic solvents. 

0.1475 gm. of substance (Carius) gave 0.1146 gm. AgBr. 

Calculated for CuHijOBr: Br = 33.15 per cent. 

Found: Br = 33.03 per cent. 

m-Nitrophenacylhexamethylenetetraminium bromide. Equimolec- 
ular proportions of co-bromo-nz-nitroacetophenone and hexa- 
methylenetetramine reacted immediately in warm, di^' chloroform 
with separation of the ciystaUine salt. The mi.xture was heated 
to boiling for a few moments, after which it was allowed to cool 
and the substance filtered off. The salt was ground up witn diy 
chloroform, filtered, and washed wdth dry acetone. It melts 
with decomposition at 157° and is difficultly soluble in the cold 
in water and absolute alcohol. 

0.2246 gm. of substance required 10.86 cc. AgNOj Solution II. 

Calculated for CnHigOjISsBr: Br = 20.77 per cent. 

Found: Br = 20.27 per cent. 

p-Acetaminophenyl bromomethyl ketone {p-acetaminophenacyl 
bromide). 30 grams of powdered aluminium chloride were added 
in small portions to a mixture of 12 grams of acetanilid, 30 grams of 
bromoacetyl bromide, and 70 cc. of drj' carbon disulphide. After 
the reaction was completed the upper laj'er was poured off and 
the viscous, orange-red lower laj’-er poured into ice water. The 
precipitate was filtered off and washed successivelj" n-ith dilute 
hydrochloric acid, water, and 50 per cent alcohol. Yield: 15.5 
grams, after recrj’stallization from dilute alcohol or dilute acetic 
acid. Recn-stallized from am}'! alcohol, the ketone forms minute, 
cream-colored prisms which melt, when rapidly heated, at 190-3° 
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with decomposition. It is difficultly soluble in the cold in the 
common solvents. 

0.3286 gm. of substance (Kjeldahl) required 13.05 cc. ^ HCl. 

Calculated for CioHioOjNBr: N = 5.47 per cent. 

Found: N = 5.56 per cent. 

p-Acetami7iophenacylhexamethylenetetrami7iium bromide. Equal 
weights of the components were boiled in acetone for three hours. 
The salt separated as cream-colored prisms. These were filtered 
from the hot solution and washed well with acetone and chloro- 
form. Yield : 75 per cent of the theory. When heated, the 
salt darkens and melts with decomposition at 194°. It is diffi- 
cultly soluble in water. 

0.2662 gm. of substance required 6.65 cc. AgNOj Solution I. 

Calculated for CieHosOaMaBr : Br = 20.17 per cent. 

Found: Br = 19.82 per cent. 

p-Aminophenacylhexamethyleneteirmninnmi chloride. 6.1 grams 
of hexamethylenetetramine and 7.4 grams of p-aminophenyl 
chloromethyl ketone® (p-aminophenacyl chloride) were boiled 
for about two hours in dry toluene. The process was accom- 
panied by partial decomposition, but the light yellow micro- 
crystalline salt that had separated was filtered off, boiled first 
with chloroform, then with toluene, and dried. Yield.’ 2.6 grams. 
The product as obtained did not dissolve completely in water. 

0.1936 gm. of substance required 6.46 cc. AgNOj Solution I. 

Calculated for CnHioONjCl: Cl = 11.45 per cent. 

Found: Cl = 11.75 per cent. 

3-Acetamino-4-tolyl hromomeihyl ketone {S-acetamino-4-i^^<^l^^y^~ 
phenacyl bromide). This substance was prepared from o-acettolu- 
ide in the same way as the p-acetaminophenacyl bromide. The 
yield was not quite as good. Recrystallized twice from acetic 
acid, then from acetone, the ketone forms pale drab-colored, 
felted needles melting at 167-70° with preliminary softening. 
The positions assigned to the substituting groups are the same 
as those proven for the corresponding chloroketone by Kunckell.’ 

® Kunckell: Ber. d. deutsch. chem. Gesellsch., .xxxiii, p. 2645, 1900. 

‘"Kunckell: CJiem. Zentralbl., Ixxxiii, pt. i, p. 136, 1912. 
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0.2448 gm. of substance (Kjeldahl) required 9.25 cc.-r? HCl. 

Calculated for CuHuOjNBr: Is = 5.18 per cent. 

Found: N = 5.29 per cent. 

S-Aceiamino-i-methylphenacylhexameiJiylenetetraimnium bromide. 
On boiling the components in dr}’’ chloroform for one-half hour 
the salt was precipitated as a gum which finallj^ settled to the 
bottom of the flask as a clear, brownish oil. This became crj^stal- 
line after adding drj^ acetone and rubbing. The salt was filtered 
off, ground up, and washed well with dry acetone. It forms a 
pale brown, micro-crystalline powder which dissolves readilj' 
in water and decomposes at 150-5°. 

0.1S69 gtn. of substance required 9.19 cc. AgNOj Solution II. 

Calculated for CirHuOoXjBr; Br = 19.47 per cent. 

Found; Br = 20.61 per cent. 

S-Acetamino-4-tolyl osAodoeihyl ketone {S-acetamino-4-'methyl-^- 
iodopropiophenone) . 20 grams of powdered aluminium chloride 
were added in small portions to a mixture of 8.5 grams of o-acettolu- 
ide, 20 grams of /3-iodopropionyl chloride,” and 50 cc. of drj’- carbon 
disulphide. At first clumps of an addition product separated. 
These graduall}’' melted with the slow evolution of h 3 'drochloric 
acid and the mixture separated into two laj^ers. After standing 
for two daj^s, the upper laj'^er was discarded and the lower la 3 'er 
poured into ice water. The pale greenish 3 '^ellow precipitate was 
washed with dilute h 3 '^drochloric acid, water, and a little 50 
per cent alcohol, and recr3'Stallized, with bone-blacking, from 
dilute alcohol. Yield: 12.8 grams. Reciystallized from toluene, 
it forms faintb'^ greenish, felted needles which melt at 142-3° 
(corrected) to a dark liquid. It is difficultly soluble in the cold 
in chloroform, absolute alcohol, and toluene. 

0.3798 gm. of substance (Kjeldahl) required 11.65 cc. HCl. 

Calculated for Ci-HnOsKI; N = 4.23 per cent. 

Found: N = 4.30 per cent. 

In order to deternoine the positions of the substituting groups, 
3 grams of the ketone were oxidized in acetone solution, with 
occasional cooling, with 5.5 grams of potassium permanganate. 
The filtrate from the manganese dioxide 3 delded, on acidification. 


" Sec Paper III of this series, this Jottrnal, xxi, p, 136, 1915. 
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a precipitate of the corresponding acid. 0.45 gram of this 
was obtained in the form of minute, glistening needles after re- 
crystallization from acetic acid. It melts at 279-81° (corrected) 
and is therefore probably identical with the 3-acetamino-4-niethyl- 
benzoic acid [m. 267-70° (uncorrected)] obtained by Kunckell"’ by 
oxidizing S-acetamino-d-tolyd chloromethyl ketone. After hydrol- 
ysis with hydrochloric acid it contains a diazotizable amino group. 

0.2019 gm. of substance gave 12.8 cc. N (760 mm. and 22.5°). 

Caleulated for CioHnOsN ; N = 7.25 per cent. 

Found: N = 7.13 per cent. 

S-Acetamino-4-tolyl co^odoethyl ketone and hexamethyUneldra- 
mine. Equimolecular amounts of the components were warmed 
slightly in dry chloroform and allowed to stand over night. The 
resulting thick, crystalline mass was disintegrated and boiled for 
about ten minutes to complete the reaction. The salt was fil- 
tered off and warmed for two hours with dry acetone. Wlien 
heated, it turns yellow at about 150° and melts at 161-2° with 
gas evolution. It is difficultly soluble in water. 

0.2066 gm. of substance required 4.35 ce. AgNOs Solution I. 

Calculated for CisHseOzNsI; I = 26.93 per cent. 

Found: I = 26.52 per cent. 

p-M ethoxyphenacylhexamethyleneietraminmm hroviidc. Instan- 
taneous addition took place when p-anisyl bromomethyl ketone'- 
was added to a solution of hexamethylenetetramine in warm, 
dry chloroform. After several hours about one-half volume of 
dry acetone was added and the salt filtered off and washed well 
with a mixture of two parts of dry chloroform to one part of dry 
acetone. The yield was practically quantitative. The salt forms 
faintly yellow micro-crystals which melt with decomposition 
at 172°. It is difficultly soluble in water and gives a bright 
yellow color with sulphuric acid. 

0.2001 gm. of substance required 5.42 cc. AgNOj Solution I. 

Calculated for CisHjiOjN^Br: Br = 21.65 per cent. 

Found: Br = 21.49 per'cent. 


F. Kunckell and W. Scheven: Bcr. d. dexttsch. chem. Gcscllsch., xxxii 
p. 172. 1898. 
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p-Ethoxyphenacijlhexamethylenetelraiyiinuim bromide. p-Phene- 
tyl bromomethyl ketone'- reacted ^^gorously with hexamethylene- 
tetramine in warm, drj' chloroform. The resulting crj'stalline 
cake was disintegrated, ground up w-ith dry chloroform, and 
boiled with this for one-half hour. After adding an equal volume 
of drj-^ acetone and allowing to stand for several hours, the prod- 
uct was filtered off and washed with chloroform-acetone and 
finally dry acetone. The salt forms slightly yellow micro-prisms 
which melt with decomposition at 159-9.5°. It is difficultly 
soluble in water, somewhat soluble in chloroform, and gives with 
sulphuric acid a yellow color changing to orange-brown. 

0.1973 gm. of substance required 5.18 cc. AgKOj Solution 1. 

Calculated for CisH-iOjNffir: Br = 20.86 per cent. 

Found: Br = 20.83 per cent. 



N 

(I) 


^-[tt>-bromoacetyl\-qmnaldine (/). 25 grams of fi-acetylquinal- 
dine'' were dissolved in 100 cc. of concentrated hydrobromic 
acid (d 1.49), wanned to 50° and rapidly turbined. To the 
solution were added, drop by drop, 25 grams of bromine dis- 
solved in 50 cc. of hydrobromic acid." During the course of 
the reaction a yellow hydrobromide of the bromoketone sep- 
arated. After cooling, this was filtered off and washed with 
alcohol and ether. Yield; 35 grams. The free bromoketone 
was obtained from this by covering trith water, in which it softens 
owing to dissociation, making alkahne with sodium carbonate, 
and shaking out with ether. The dried ethereal solution was 
evaporated to small bulk, leaving the bromoketone as an oil 
which solidified on chilling. Reciy^stallized first from ligroin, 
then toluene, then twice from methyl alcohol, it forms practi- 
cally colorless rhombs which melt at 102-3° (corrected) with 
slight preliminary softening. It is readily soluble in ether and 
chloroform and slowly decomposes when heated above 50°. 

“ J. Eliasberg and P. Friedlander; Bcr. d. diutsch. chem. Gcselhch., 
XXV, p. 1756, 1892. 

" -A,ccording to the method of Kaufmann, ibid., xivi, p. 1831, 1913 
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0.1380 gm. of substance gave 6.80 cc. N (764 mm. and 24.2°). 

0.1510 gm. of substance gave 0.1081 gm. AgBr. 

Calculated for CuHioONBr: N = 5.30 per cent; Br = 30.26 per cent. 

Found; N = 5.52 per cent; Br = 30.46 per cent. 

% 

P-[ci}-bromoacetyl]-quinaldine and hexamethylenetetramine. Equi- 
molecular amounts of the base and ketone (recrystallized once 
from ligroin) reacted almost instantaneously in dry, boiling 
chloroform, forming a solid, crystalline cake of the addition prod- 
uct. It melts with decomposition at about 170°. It is difficultly 
soluble in water, but easily so in 1 mol. of dilute hydrochloric 
acid. 

0.2189 gm. of substance required 5.32 cc. AgNOj Solution I. 

Calculated for CisHisONsBr: Br = 19.77 per cent. 

Found : Br = 19.28 per cent. 



THE QUATERNARY SALTS OF HEXAMETHYLENE- 
TETRAMINE. 


Vin. MISCELLAKEOTTS SUBSTANCES CONTAINING ALIPHATIC- 
ALLY BOUND HALOGEN AND THE HEXAMETHYLENE- 
TETRAMINrUM SALTS DERIVED THEREFROM. 

Bt WALTER A. JACOBS and MICHAEL HEIDELBERGER. 
{From the Laboratories of The Rockefeller Institute for Medical Research.) 

(Received for publication, April 30, 1915.) 

In this paper we wish to present a number of substances which 
could not be logically incoi'porated with the preidous papers. 
These are derivatives of a number of simple alkjd halides and 
halogenacyl esters. Several chloroacetylamino compounds are 
also described. 

EXPEH1JIEXT.AL. 

(I) Miscellaneous alkyl derivatives. 

Oxyelhylhexamelhyleneletraminium iodide. 1 mol. of iodoethjd 
alcohol was added to a solution of 1 mol. of bexamethjdene- 
tetramine in dry chloroform. The mixture was filtered from 
a small amount of precipitate that separated almost immediatel}', 
and allowed to stand for two da 3 's in a warm place. The salt 
cr 3 -stallized in the form of needles. It melts at 157° with decom- 
position and is verj’- soluble in water. 

0.1622 gm. of substance required 5.25 cc. AgSOt Solution I.* 

Calculated for CsHkONjI; I = 40.64 per cent. 

Found: I = 40.74 per cent. 

y-Chloropropylhexamelhylenetetraminium bromide. Trimethj’- 
lene chlorobromide and hexamethylenetetramine reacted slowlj' 
in drj’-, boiling chloroform. Additional quantities of the quater- 
nary salt may be obtained bj^ continued boding of the mother 

' 1 cc. = 0.(X)352 gm. Cl; 0.00793 gm. Br; 0.01259 gm. I 
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liquors. The salt forms irregular micro-prisms which are ven- 
soluble in water. When rapidly heated, it turns yellow above 140° 
puffs up slightly, and finally melts with decomposition at lSQ-3°’ 

0.2456 gm. of substance required 8.23 cc. AgNOj Solution I. 

Calculated for CgHisNiClBr; Br = 26.86 per cent. 

Found: Br = 26.58 per cent. 

y-Oxypropylhexamethylenetetraminium iodide. This was prepared 
from 18.6 grams of trimeth 3 dene iodohydrin and 14 grams of hexa- 
methylenetetramine in dry chloroform at room temperature. 
The portion (4 grams) that separated on standing over night 
was contaminated with hexamethylenetetraminium iodide, but 
the fraction (10 grams) separating during the next few days was 
free from this impurity. 

0.2009 gm. of substance required 11.4 cc. AgNOj Solution IL‘ 

Calculated for C9H19ONJ; I = 38.92 per cent. 

Found: I — 37.79 per cent. 

Cetylhexamethylenetetraminium iodide. This was prepared in 
chloroform solution. The salt was reerystallized from absolute 
alcohol. It softens at 131° and melts gradually as the tempera- 
ture is raised, liquefying completely and evolving gas at 157°. 
It is insoluble in cold water. 

0.1940 gm. of substance required 7.58 cc. AgNOj Solution II. 

Calculated for C 22 H«N«I: I = 25.77 per cent. 

Found: I = 26.00 per cent. 

Phenylethyl iodide. Phenylethyl chloride, prepared according 
to Barger,® was treated with an excess of a normal solution of 
sodium iodide in dry acetone and boiled for four hours. The mix- 
ture, from which sodium chloride had separated, was poured into 
water and the precipitated oil taken up with ether. The ethereal 
solution xvas washed successively with dilute sodium bisulphite 
solution, water, sodium carbonate solution, and water. After 
drying over calcium chloride the ether was evaporated off. The 
residual oil was fractionated in vacuo, the portion boiling at 
104.5-30.5° at 28 mm. being used directly for the preparation 
of the quaternary salt. 

= 1 cc. = 0.00186 gm. Cl; 0.004192 gm. Br; 0.006657 gm. I. 

’ G. Barger: Jour. Chem. Soc., xcv, p. 2194, 1909. 
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Phenylethylhexamethylenetelraminmm iodide. The crude iodide 
reacted very slowly ^vith hexamethylenetetramine in boihng 
chloroform. After several hours the mixture was diluted with 
more chloroform to dissolve unchanged base and filtered. An 
additional quantity was obtained by concentrating the filtrate 
and again boihng for several hours. The salt forms pale yellow 
cubes. When heated, it turns yellow and melts with decomposi- 
tion at 159°. 

0.2128 gm. of substance required 5.71 cc. AgNOs Solution I. 

Calculated for CuHiiN4l; I = 34.11 per cent. 

Found: I = 33.78 per cent. 

The follovdng substance was prepared since the pubhcation 
of our first paper,'* in which the compound properly belongs: 

G-Iodoheniylhexametliylenetetraminium bromide. An equimo- 
lecular amount of o-iodobenzyl bromide was added to a warm so- 
lution of hexamethylenetetramine in dry chloroform. The salt 
soon began to crystallize in the form of spherical aggregates of 
minute crystals. After several hours these were washed well 
with dry chloroform and dry acetone and were then pulverized 
and warmed tvith dry acetone in order to remove traces of te- 
naciously adhering iodobenz 3 d bromide. The salt is sparinglj' 
soluble in water, but dissolves more readily than the p-isomer. 
It effervesces and turns yellow at 173-5°. 

0.1822 gm. of substance (Kjeldahl) required 16.65 cc. HCl. 

0.2767 gm. of substance required 11.52 cc. AgNOj Solution II. 

Calculated for Ci 3 HisN 4 BrI; N = 12.82 per cent; Br = 18.29 per cent. 

Found: N = 12.80 per cent; Br = 17.45 per cent. 

{2) Esters of monohalogen adds. 

Carbethoxyethylhexamethylenetetraminium iodide. Equimolec- 
ular quantities of /3-iodopropionic acid ethyl ester and hexa- 
methylenetetramine were boiled in dry chloroform. The salt 
separated as a yellowish oil. This was seeded -with a few crj's- 
tals obtained by treating a portion -with drj-- acetone and rub- 
bing, causing solidification of the entire product. After con- 
tinuing the boihng for one hour the precipitate of glistening 

‘This Journal, xx, p. 659, 1915. 
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leaflets was filtered off and washed thoroughly with dry chloro- 
form. The salt dissolves readily in water and melts with de- 
composition at 137-8°. 

0.2046 gm. of substance required 5.71 cc. AgNOa Solution I. 

Calculated for CiiH2i02N4l: I = 34.48 per cent. 

Found: I = 35.14 per cent. 

sec.-Octyl bromoacetate. 40 grams of bromoacetyl bromide 
were carefully added to 25 grams of sec.-octyl alcohol, with cool- 
ing. The mixture was then heated on the water bath until the 
evolution of hydrobromic acid ceased. The residue was frac- 
tionated in vacuo. The ester boils at 137° (corrected) at 18 mm. 
and possesses an odor resembling that of the alcohol. 

0.1737 gm. of substance required 13.08 cc. AgNOj Solution II. 

Calculated for CioHi902Br: Br = 31.83 per cent. 

Found: Br = 31.58 per cent. 

With hexamethylenetetramine this product yielded a gelatinous 
salt which could not be crystallized. 

Bornyl bromoacetate and hexamethylenetetramine. Equimolec- 
ular amounts of the components were boiled in dry chloroform 
for one-half hour, filtered from the small amount of precipitated 
material, and treated with dry acetone. The solution gradually 
set to a thick mass of crystals of the salt. These were filtered 
off and washed with dry acetone. The compound sinters above 
170° and melts at 178-81°. It is difficultly soluble in water. 

0.2002 gm. of substance required 4.83 cc. AgNOj Solution I. 

Calculated for Ci8H3i02N4Br: Br = 19.24 per cent. 

Found: Br = 19.14 per cent. 

Menthyl bro7noacetate^ and hexamethylenetetramine. The salt 
was prepared in the same way as the bornyl compound, using 
dry ether as the precipitant instead of acetone. It melts at 153-4 
and is somewhat difficultly soluble in water. 

0.2021 gm. of substance required 4.95 cc. AgNOs Solution I. 

Calculated for Ci 8 H 3302 N 4 Br: Br = 19.15 per cent. 

Found: Br = 19.43 per cent. 


‘ S. Smiles: Jour. Chem. Soc., Ixxxvii, p. 454, 1905. 
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Phenyl bromoacetaie and hexamethylenetetramine. Mannich and 
Drauzburg® prepared the corresponding salts with phenyl chloro- 
acetate and phenyl iodoacetate. As we found the former to 
be unsuitable for preparation on a large scale and as the latter 
proved to be insoluble in water, the bromide was prepared. The 
quaternary salt separates rapidly from a boiling solution of the 
components in dry chloroform. As precipitated, it contains 
chloroform of crystallization which was removed by boiling the 
product with drj' acetone. It melts at 149-50° with decom- 
position, and is easily soluble in water. 

0.2262 gm. of substance required 6.40 cc. AgNOj Solution I. 

Calculated for CuHuOjNiBr: Br = 22.51 per cent. 

Found; Br == 22.45 per cent. 

Tribromo-p-cresyl bromoacetate. Tribromo-p-cresol was dis- 
solved in normal sodium hydroxide solution and treated, drop 
by drop, with chilling and shaking, with 1.1 mols. of bromoacetyl 
bromide. The oil which remained after making the mixture 
alkaline crystallized on rubbing. Recrystallized twice from ab- 
solute alcohol, it forms cream-colored prisms which soften at 60° 
and melt at 60.5-1.5° (corrected). The ester is more difficultly 
soluble in alcohol, methyl alcohol, and ligroin than in the other 
organic solvents. 

0.1394 gm. of substance (Carius) gave 0.2247 gm. AgBr. 

Calculated for CsHjOjBr,; Br = 68.64 per cent. 

Found: Br = 68.60 per cent. 

The hexamethylenetetraminium salt of the ester was found to 
be insoluble in water and was not obtained in a state of purity. 

o-Nitrophenyl bromoacetate. This substance was prepared in 
the same way as the preceding ester. Recrj’^stallized twice from 
absolute alcohol, in which it is less soluble than in ether, benzene, 
and chloroform, it melts at 55.5-6.° (corrected) with slight pre- 
liminary softening. 

0.2794 gm. of substance (Kjeldahl) required 11.30 cc. -r^HCl. 

0.1777 gm. of substance gave 0.1270 gm. AgBr. 

Calculated for C8H604NBr: N = 5.39 per cent; Br = 30.74 per cent. 

Found: N = 5.67 per cent; Br = 30.41 per cent. 

* C. Mannich and W. Drauzburg: Chem. Zentralbl., Ixxxiii, pt. ii, p. 
1817, 1912. 
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o-Nitrophenyl bromoacetate and hexamethyleneietraniM, The 
salt separates practically quantitatively when a solution of the 
components in dry chloroform is boiled for twenty minutes. It 
forms slightly grayish micro-prisms which melt with decomposi- 
tion at 149-50°. Its aqueous, solution decomposes rapidly with 
separation of o-nitrophenol. Moist air also exerts a hydrolytic 
action. The corresponding chloride was prepared by Mannich 
and Drauzburg.® 

0.1216 gm. of substance required 3.06 cc. AgNOa Solution I. 

Calculated for CuHiaO^NsBr: Br = 19.97 per cent. 

Found: Br = 19.96 per cent. 

Benzeneazo-^-naphtliyl chloroacetate. 4.2 cc. of chloroacetyl 
chloride were added to a solution of 12.4 grams of benzeneazo-jS- 
naphthol in toluene. The mixture was boiled for nine hours and 
was then evaporated to small bulk. Separation of the ester was 
made more complete by the addition of ligroin. Yield: 6.7 grams. 
Recrystallized from absolute alcohol, it forms orange, felted 
needles which melt at 127-8° (corrected). It is very soluble in 
benzene, ether, and acetone, and dissolves in sulphuric acid with 
a purplish red color. 

0.1310 gm. of substance gave 11.0 cc. N (750 mm. and 27.5°). 

Calculated for CisHuOjNsCl; N = 9.07 per cent. 

Found: N” = 8.63 per cent. 

Oxyethyl anisate (oxyethyl p-methoxybenzoate). 6.2 grams of 
ethylene glycol were dissolved in 30 grams of pyridine and chilled 
in a freezing mixture. After slowly adding a solution of 17 
grams of anisoyl chloride in 15 cc. of dry chloroform, the mi.v- 
ture was allowed to stand at room temperature for one hour. 
It was then poured into iced 25 per cent sulphuric acid and shaken 
out with chloroform. The oil remaining after concentration was 
fractionated in vacuo. 10 grams of the oxyethyl anisate distilled 
at 161-2° at 0.75-0.85 mm. When redistilled it boiled at IdO-SO 
(corrected) at 0.4 mm. 

0.1147 gm. of substance gave 0.2569 gm. CO: and 0.0624 gm. HjO. 

Calculated for CioHn 04 : C = 61.19 per cent; H = 6.17 per cent. 

Found: C = 61.11 per cent; H = 6.09 per cent. 
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Ethylene anisate. The undistilled residue obtained in the 
fractionation of the oxj^ethyl anisate solidified on cooling. Re- 
crystallized twice from acetic acid, it forms prisms which melt 
at 117-7.5° with slight preliminary softening. It is difficultly 
soluble in cold absolute alcohol and ether, easily in benzene and 
chloroform. 

0.1161 gm. of substance gave 0.27S7 gm. CO- and 0.0547 gm. H-0. 

Calculated for CuHisOs: C = 65.41 per cent; H = 5.49 per cent. 

Found: C = 65.4S per cent; H = 5.27 per cent. 

Chloroacetyloxyelhyl anisate! ClCH 2 COOCH 2 CH;OOCC 6 H<OCH 3 . 
A solution of 13.5 grams of crude oxyethyl anisate in 15 cc. of 
dry benzene was warmed with 7.5 grams of chloroacetyl chloride. 
After the evolution of hydrochloric acid had ceased the residue 
was fractionated in vacuo. The principal fraction boiled at 
170-5° at 0.5 mm. and solidified on standing. Recrj’^stallized 
successively from dry ether and absolute alcohol with the aid 
of a freezing mixture, it melts at 45.5-6.5° (corrected). It is 
verj’ soluble in benzene and chloroform. 

0.2S22 gm. of substance required 19.39 cc. AgNOj Solution II. 

Calculated for CuHijOjCl: Cl = 1^01 per cent. 

Found; Cl = 12.75 per cent. 

Chloroacetyloxyethyl anisate and hexamethylenetetramine. Equi- 
molecular amounts of the components were boiled for one-half 
hour in dry chloroform, after which the solution was concentrated 
and filtered from a small amount of hexamethylenetetraminium 
chloride. The salt was then precipitated as a viscous oil by 
means of dry ether. The supernatant liquid was poured off and 
the oily salt dissolved in cold absolute alcohol. Ether was added 
until crystallization began, after which the mixture soon set 
to a solid mass. The salt was filtered off, washed, and placed 
in a desiccator as quickly as possible, owing to its hygroscopicity. 
When heated, it softens above 70° and gradually melts until it 
is completely fluid at 90°. It is easily soluble in water, alcohol, 
chloroform, and acetone. 

0.1383 gm. of substance required 3.5 cc. AgNOj Solution I. 

Calculated for CuHjsOtNjCl: Cl = 8.59 per cent. 

Found: Cl = 8.91 per cent. 
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(3) Miscellaneous amine and hydrazine derivatives. 

Oi-Chloroacelylammoaceiophenone. 20 grams of w-arainoacoto- 
phenonc hydrochloride were dissolved in about 150 cc. of water 
and covered with about 100 cc. of toluene. After adding 11 cc. 
of chloroaeetyl chloride, 150 cc. of two-.normal potassium hy- 
droxide were added in small amounts, with vigorous shaking and 
cooling. The chloroaeetyl derivative soon separated and was 
filtered off, washed with water and toluene, and recrystallizccl, 
with bone-blacking, from dilute alcohol. Yield: 11.5 grams. It 
forms micaceous scales melting at 124-6.5° with preliminarj' 
softening. It is difficultly soluble in the cold in benzene, toluene, 
and ether, and dissolves very readily in chloroform. 

0.2289 gm. of substance (Kjeldahl) required 11.15 cc.-^HCl. 

Calculated for CioHioOsNCl: N = 6.62 per c^nt. 

Found: N = 6.83 per c{ 3 nt. 

03-Chloroacetrjlaminoacetoplienone and hexQ,meihjleneteiramine. A 
chloroform solution of the components was boiled for one-half 
hour, evaporated to small volume, filtered from the slight precipi- 
tate, and treated with dry acetone. The salt separated as an 
oil which rapidly solidified, forming micro-platelets with a faint 
yellow-green tinge. It melts at 149-50° to an orange tar, is solu- 
ble in chloroform, and dissolves readily in water and alcohol. 


Calculated for C 1 SH 22 O 2 N 1 CI: Cl = 10. OS per cent. 

Found: Cl = 10.00 per cent. 


CHNHCOCHjCl 
(I) 



Chloroacetylbis~[p-dirnethylaminophenyl] --metlnjlaminc (chloro- 
acetylleucoauramine) (I). 8 grams of leucoauramine were dis- 

solved in a mixture of benzene and toluene, 75 cc. of two-normal 
sodium hydroxide added, and then, drop by drop, 3 cc. of chloro- 
acetyl chloride dissolved in toluene. Transitory colors developed, 
first green, then blue, then brown-violet, the color disappearing 
almost entirely in each case on shaking. Toward the end of 
the operation the chloroaeetyl derivative started to crystallize 
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out. To make this complete one-half volume of ligroin was 
added and the mucture allowed to stand in the ice bo.v over night. 
The product was filtered off, washed well with water, and re- 
crj'stallized from 95 per cent alcohol, forming almost colorless 
plates and needles which take on a greenish blue tinge on e.vposure 
to the air. Yield: 7 grams. The compound dissolves in acetic 
acid with a blue color, in sulphuric acid with a faint yellow color, 
and is readily soluble in chloroform and acetone, but insoluble 
in ether. It melts to a deep green liquid at 164-4.5° (corrected) 
with slight gas evolution. 

0.2442 gm. of substance (Kjeldahl) required 20.9 cc.fl- HCl. 

Calculated for CisHjtONjCl: N = 12.16 per cent. 

Found: = 11.99 per cent. 

ChloroacetyUeiicoauramine and hexamethylenetetramine. Equi- 
molecular amounts of the components were boiled in dri"- chloro- 
form solution for one and one-quarter hours. The olive-yellow 
solution was evaporated to small bulk and treated cautiously 
with diy acetone, causing the separation of the salt first as an 
oil, A portion of this was removed, rubbed up with acetone and 
ether, and crystallized bj’’ chilling. On seeding the main portion 
■with this and slowly continuing the addition of drj’- acetone, the 
entire product was obtained in the ci^stalline state. After warm- 
ing for one hour with diy acetone the salt still had a faint yellow 
color. It melts at 175° to a thick 3’^eUow liquid which decom- 
poses at 179°. It is difficultly soluble in water but dissolves readily 
upon the addition of dilute acids. 

0.3188 gm. of substance required 6.67 cc. AgXOj Solution I. 

Calculated for CjsHjeONrCl: Cl = 7.30 per cent. 

Found: Cl = 7.36 per cent. 

Chloroacetyliriphenylmethylamine (chloroacettriphenylmethyla- 
mde). 11.7 grams of crude triphenylmethjdamine were obtained 
by passing dry ammonia into a mixture of 20 grams of tri phenyl- 
methyl chloride and 20 grams of naphthalene at 130°, taking up 
with ligroin, filtering off the ammonium chloride, saturating the 
filtrate ndth dry hjffirochloric acid, suspending the resulting 
precipitate in diy benzene, passing in drj^ ammonia, again filter- 
ing, and evaporating the filtrate to dryness. The amine was 
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taken up in benzene and chloroacetylated as in the previous cases 
completing the precipitation of the chloroacetyl derivative bv 
means, of ligroin. The compound was filtered off, washed with 
water, and recrystallized from acetic acid, forming snow-wliite, 
interlaced hairs. Yield: 5,9 grams. When recrystallized again 
from toluene and heated in a tube sealed at both ends it melts 
at 201-2.5° (corrected) . The substance dissolves readily in cliloro- 
form,less easily in benzene and hot acetic acid, and with difficulty 
in absolute alcohol. It gives a yellow color with sulphuric acid, 
deepening to a dark orange-brown on addition of a drop of 
aqueous potassium dichromate solution. 

0.3072 gm. of substance (Kjeldahl) required 9.35 cc.-^HCl. 

Calculated for CaiHisONCl: N = 4.17 per cent. 

Found: N = 4.26 per cent. 

Chloroaceiyliriphenylmethylamine and hexamethylenetetramine. 
After boiling for one hour the chloroform solution of the com- 
ponents was evaporated to small bulk and treated with several 
volumes of dry acetone. The precipitate of small, transparent 
cubes was boiled for one hour with dry acetone. When once iso- 
lated, the salt is difficultly soluble in chloroform. It also dis- 
solves with difficulty in water and gives a yellow color with sul- 
phuric acid, WTien heated it turns yellow at about 150° and melts 
with decomposition at 194-5°. 

0.3173 gm. of substance required 6.27 cc. AgNOj Solution I. 

Calculated for CjtHjoONsCI: Cl = 7.46 per cent. 

Found: Cl = 6.96 per cent. 

/3-J. cetyl-a-chloroacekjl-a-phenylhydrazine and hexamethylenelelra- 
mine. The salt separated from the boiling chloroform solution 
of the components as long silky needles containing chloroform 
of crystallization. This was removed by boiling the compound 
for one-half hour with dry acetone. The salt melts at 192-3 . 

0.1820 gm. of substance required 5.0 cc. AgNOj Solution I. 

Calculated for CieH2302N6Cl: Cl = 9.67 per cent. 

Found: Cl = 9.67 per cent. 

^-Chloroacetyl-a, a-phemjlhenzylhydrazine. 20 grams of a, a-phen- 
ylbenzylhydrazine were chloroacetylated in toluene solution m 
the same way as in the previous examples. As the chloroacetjl 
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derivative did not separate from the toluene laj’-er, the latter 
was shaken out first with dilute hydrochloric acid and then with 
dilute sodium carljonate solution. After the crystallization in- 
duced b}’- the purification process had ended, the product was 
filtered off and combined later with an additional amount ob- 
tained by evaporating the filtrate to small bulk and adding ligroin. 
The substance was reciystallized b 3 '- dissolving in hot benzene 
and adding an equal volume of ligroin. Yield: 17.8 grams. 
RecrystaUized from methyl alcohol, it forms large, irregular 
crystals melting at 112.5-3.5° (corrected). • It is readily soluble 
in the usual organic solvents, except ligroin. 

0.1537 gm. of substance gave 14.25 cc. N (755 mnj. and 17°). 

Calculated for CisHisONjCl: N = 10.21 per cent. 

Found: N = 10.64 per cent. 

p-Chloroacetyl-a, a-phenylbenzylhydrazine and hexamethylenetetra- 
mine. After the solution of the components in dry chloroform 
had been boiled for eight hours it was concentrated and treated 
with several volumes of dry acetone. The salt slowly crystallized 
out in almost quantitative jdeld. It melts at 145-6° to an orange 
liquid. It is readily soluble in water and dissolves in sulphuric 
acid with a brownish color. 

0.2592 gm. of substance required 6.36 cc. AgiNOj Solution I. 

Calculated for CriHjrONjCl; Cl = 8.55 per cent. 

Found; Cl = 8.64 per cent. 




ON TISSUE FIBRINOLYSINS. 


Bt MOYER S. FLEISHER and LEO LOEB. 

{From the Deparlmenl of Pathology, Barnard Free Skin and Cancer Hospital, 

St. Louis.) 

(Received for publication, April 2, 1915.) 

If a small piece of tissue, with a diameter varying approximately 
between 1 and 3 mm., is taken from certain organs and placed 
in a test-tube containing three or four drops of blood plasma 
which has been kept liquid by the use of an oiled cannula, paraf- 
fined test-tube, and melting ice, the tissue coagulins present in 
the piece of tissue cause a more or less rapid coagulation of the 
plasma. The test-tubes are then placed in a thermostat, main- 
tained at body temperature. The whole procedure, the with- 
drawal of the blood, the removal of the tissue, and the placing 
of the plasma and tissue into the previously sterilized test-tube, 
should be done with aseptic precautions.* The coagulum is at 
first closely attached to the piece of organ. If, however, we ex- 
amine the pieces again after two or three hours, we find in the 
case of certain tissues a light zone between the tissue and coagulum. 
Sometimes this light zone, which is free from coagulum, surrounds 
the piece on all sides; at other times it is present around a part of 
the piece of tissue, while at other places the piece and coagulum 
still adhere to each other or are separated by a much narrower 
zone. After an interval of twelve to twenty-four hours the ring 
formation is frequently somewhat more pronounced, or in some 
cases may have appeared where it had not been rdsible pre%’iously. 
It is this phenomenon that we have analyzed. 

‘ The principle of the procedure is the same as that for the cultivation 
of tissue in vitro, published by one of us in 1897. (L. Loeb: l/ber die 
Entslehung von Bindegewcbe, etc., und uber eine Methode isolierte Gewebeleile 
zu zUchten, Chicago, 1897.) At that time coagulated blood serum, agar, 
and coagulated blood were used instead of coagulated blood plasma. 

477 



478 


Tissue Fibrinolysins 


The dissolving effect of the organs of different species oit various 

kinds of blood. 

There are certain differences and also certain similarities be- 
tween the organs of different species. The same organs have, 
on the whole, a tendency to cause a ring formation around the 
piece of tissue, while in others this power is almost or entirely 
lacking. In other respects, however, there exist marked differ- 
ences between different species; not only are there differences in 
the efficiency of different organs within the same species and 
between organs of different species, but there are differences in 
the readiness with which the phenomenon can be obtained in 
the plasma of different species. 

Table I shows the effect of guinea pig organs on rabbit, cat, 
and chicken plasma. If we consider the effect of the organs of 
the guinea pig on rabbit plasma, we may divide the various organs 
in an approximate way into three classes: (A), those which always 
or nearly always produce the ring formation, which we may provi- 
sionally interpret as due to a solution of the coagulum; (B), 
those which seldom or never have this effect; and (C), those in 
which the effect is more or less variable and usually not very pro- 
nounced. To class (A) belong the experimentally produced 
living deciduoma; the deciduoma which has become necrotic 
or has lost its power. The ovary, uterus, ureter, bladder, brain, 
sciatic nerve, stomach, duodenum, jejunum, mesentery, testicles, 
and thyroid were active in most cases, but there were a number of 
cases in which they were inactive. To class (B) belong the 
kidney, skin, and subcutaneous tissue of the guinea pig embryo 
and peritoneum. To class (C) belong the spleen, muscle, heart, 
liver, adrenal, subcutaneous connective tissue, pancreas, fat, and 
aorta. Lung tissue was usually negative, but in a few cases it 
was positive. The organs belonging to the genito-urinary sys- 
tem and some organs of the intestinal tract, mesentery, and 
nervous system are active. Urine we found inactive, as far ns 
our method permitted us to determine. Pieces of spleen or mus- 
cle, which in themselves are inactive, were soaked in guinea pig 
urine and afterwards placed in plasma. Those pieces to which 
urine adhered had thereby not become active. 

By far the most active organ, that which caused the greatest 
area of solution in the shortest time, was guinea pig ovary. 
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TABLE I. 



BABBIT PLASMA 

CmCSXS PLASMA 

Guinea pig deciduoma 

7+ 6 o 

14 0 

Guinea pig uterus 

38+ ^ 

Rabbit uterus 

22+ 8 0 

3 0 

Guinea pig kidney 

25+ 27 0 

3 o 

Rabbit kidney 

24+ 39 o 

4 0 

Guinea pig ureter 

150+ 8 0 

10 0 

Rabbit ureter 

157+ 10 0 

4 0 

Guinea pig spleen 

3+ 21 o 


Guinea pig spleen and urine . 

- So 


Rabbit spleen 

3+ 43 o 


Rabbit spleen and urine 

- 12 o 


Guinea pig muscle 

18 o 


Guinea pig muscle and urine 

4 o 


Rabbit muscle 

4+ 23 o 


Rabbit muscle and urine 

4 0 


Guinea pig lung 

3"|~ 0 


Rabbit lung 

2+ 19 0 


Guinea pig testicle 

18+ 7 0 


Rabbit testicle 

10+ 13 0 


Guinea pig liver 

3+ 10 o 


Rabbit liver 

16 0 


Guinea pig adrenal 

5 0 


Rabbit adrenal 

8 0 


Guinea pig connective tissue 

2 0 


Rabbit connective tissue 

8 o 


Guinea pig heart 

1+ 15 o 


Rabbit heart 

16 0 


Guinea pig thyroid 

21+ 6 o 


Rabbit thjToid 

3“b 34 o 


Guinea pig pancreas 

1+ 12 o 


Rabbit pancreas 

— 15 0 


Guinea pig brain 

20+ - 


Rabbit brain 

18+ 4 o 


Guinea pig fat 

So 


Rabbit fat 



Guinea pig sciatic 

6+ - 
6+ So 
40+ - 


Rabbit sciatic 


Guinea pig ovary 

10 0 

Rabbit ovarv 

2+ 28 0 
7+ - 

7 0 

Guinea pig jejunum 


Rabbit jejunum 

1+ 6 o 


Guinea pig stomach 

7-r 
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TABIE I— Conc!ti*d. 



1 

1 RABBIT 

PLASMA 

1 CHtCKKN PLASMA 

CAT PLASM ^ 

Rabbit stomach 

1 + 

5 0 

1 


Guinea pig stomach and HGl 

5+ 

4 0 



Rabbit stomach and HCI. . . . 

1+ 

7 0 



Guinea pig duodenum 

7+ 

— 



Rabbit duodenum 

5+ 

3 0 



Guinea pig bladder 

35+ 

3 0 



Rabbit bladder 

30+ 

16 0 


7+ 1 c 

Guinea pig embryo skin. . — 

3+ 

2 0 



Guinea pig peritoneum 

9+ 

9 0 



Guinea pig mesentery 

9+ 

10 0 



Guinea pig aorta 

— 

18 0 

1 

1 



The figures ■with a plus sign indicate the number of effective, those 
with a negative sign, the number of ineffective f)ieces. 


Guinea pig uterus was next. The bladder was usually more ac- 
tive than the ureter. The same organs in guinea pig plasma 
were much less active. This plasma is considerably less accessible 
to the dissolving power of guinea pig organs than rabbit plasma; 
but relatively the same order in the efficacy of the various organs 
is again brought out. Organs, like guinea pig ovary, which are 
always or almost always effective in rabbit plasma, are irregularly 
so in guinea pig plasma; while guinea pig brain, which is very 
active in rabbit plasma, is ineffective in guinea pig plasma. We 
find, furthermore, variations in the readiness with which guinea 
pig plasma can be dissolved; some coagula are more readily 
dissolved than others, and one may find a whole series of plasmas 
which are resistant to the action of organs. Where some solu- 
tion of the coagulated plasma takes place, it is usually slight in 
comparison with the amount in rabbit plasma; but occasionally 
guinea pig plasma may show marked solution. Table II shows 
the differences in the solubility of guinea pig and rabbit plasrna. 

The various organs of the guinea pig are entirely ineffective 

towards coagulated chicken plasma. 

Table I also shows the dissolving effect of rabbit organs on vari- 
ous plasmas. On the whole, rabbit organs behave in a manner 
similar to guinea pig organs on rabbit plasma. There are, how- 
ever, some exceptions to this. The most striking is the almost 
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table n. 


Guinea pig ureter. . .• 

1 Guinea pig plasma 

16+ 

62 o 

Guinea pig ureter 

i Rabbit plasma 

62+ 

4 o 

Guinea pig bladder 

Guinea pig plasma 

31+ 

43 o 

Guinea pig bladder 

Rabbit plasma 

66+ 

1 o 

Rabbit ureter 

Guinea pig plasma 

14+ 

65 o 

Rabbit ureter 

Rabbit plasma | 

59+ 

1 0 

Rabbit bladder 

1 Guinea pig plasma 

5-i- 

oS o 

Rabbit bladder 

j Rabbit plasma 

60+ 

15 0 


total inefficiency of the rabbit ovarj', which belongs to class (C), 
as compared 'with the guinea pig ovary, which was the most 
effective of all organs. Rabbit uterus still belongs to class (A), 
but is not quite as effective as guinea pig uterus. Rabbit testicle 
is less effective than that of the guinea pig, while the thjToid 
is almost ineffective (Class C). The sciatic nerve, jejunum, 
duodenum, and stomach are less active in the rabbit than in 
the guinea pig. Urine, tested as above, is ineffective. 

Rabbit organs dissolve guinea pig plasma very much less than 
rabbit plasma. It is rare that a piece of rabbit organ dissolves 
guinea pig plasma, and solution is only brought about by those 
organs which act strongest on rabbit plasma. Towards chicken 
plasma rabbit organs are as ineffective as guinea pig organs. The 
ureter and bladder dissolve cat plasma, but the action is not as 
marked as with rabbit plasma. 

The effects of cat organs on cat and on rabbit plasma are 
given in Table III. These organs are less efficient than guinea 
pig and rabbit organs. The same kind of organs is active in 
aU three species, though in the cat the bladder and ureter are more 
active than the ovary and uterus. The bladder is especially 
active in rabbit plasma. This activity becomes apparent mainl5' 
on the second day. In general the effect in rabbit plasma is verj' 
slight on the first day, while on the second day it may become 
quite marked. The activity curve of the cat organs in rabbit 
plasma, as a fimction of the time, differs therefore from the 
curve of the guinea pig or rabbit organs. In cat plasma the dis- 
solving effect of the cat organs becomes visible at an earlier time 
and does not usually progress much further on the following 
day. Cat liver and spleen are almost or entirely inactive. 
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TABLE III. 


Cal organs. 



CAT PLASMA 

nADDtT 

PLASMA 

Ureter 

9+ 

18+ 


Bladder 

4+ 4 0 

15+ 

2 0 

Testicle 

4 0 

4+ 



Uterus 

4 0 

9+ 

9 0 

Ovary 

3-|- 3 0 

16+ 

1 0 

Spleen 

— 

4+ 

15 0 

Liver 

! 


12 0 

Brain i 

1 i 

4+ 

8 0 

Kidney i 

! — 1 

2+ 

IS 0 

Lung j 

- 1 

1 

5+ 

5 0 


Cat plasma coagulum is more resistant to solution than rabbit 
plasma, but more accessible than guinea pig plasma. 

Mouse organs, tested with rabbit plasma coagulum, show 
the same sets of active organs. They are distinctly less active 
than guinea pig and rabbit organs and perhaps even somewhat 
less active than cat organs. As in the cat, lung is here some- 
what more active than kidney, while the opposite is true in the 
guinea pig and rabbit. Mouse carcinoma was found, in the 
majority of cases, to be inactive; only in a few cases a very slight 
solution was observed. 


TABLE IV. 
Mouse organs. 



RABDIT 

PLASMA 

Tumor 

4+ 

31 0 

Uterus . ... 

7+ 

5 0 

Ovary 

5+ 

8 0 

UlnHflor 

5+ 

S 0 

SplpoTi 

1+ 

5 0 

T.ivor 


7 0 


5+ 

5 0 



5 0 



— 


Chicken organs are entirely inactive, whether tested on chicken 
rabbit, or guinea pig plasma. Even if the chicken plasma is 
diluted ten or fifteen times with distilled water no solution of the 
coagulum of the diluted plasma is noticeable. 
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TABV£ V 


Chidden organs 



CHICKEN 

P VBBIT 

CriNEA PIG 

PL ‘.SM ^ 

Ureter 

18 0 

4 o 

3 0 

Kidney 

13 0 

7 0 

13 0 

Uterus 

15 0 

4 0 

8 0 

Ovary 

12 o 

— 

3 o 

Testicle 

3 0 

3 0 

— 

Liver 

10 0 

3 0 

— 

Spleen 

3 o 

3 0 

— 

Lung 

9 0 

3 0 

— 

Heart 

4 0 

3 0 

— 

Muscle 

3 o 

3 0 

- 

Brain 

3 0 

3 0 

— 


In the chicken as well as in the rabbit and cat there is a cer- 
tain parallelism in the power of the different species to dissolve 
coagulum and in the readiness with which the plasma can be at- 
tacked. The stronger the dissohdng power of the organ of a 
certain species (with the exception of the guinea pig), the more 
readily the plasmatic coagulum of this species is dissolved. 

Variations in the behavior of the organs and blood of different indi- 
viduals of the same species. 

Certain variations occur in the dissolving power of organs. 
At times the pieces of guinea pig organ are more active than 
the corresponding pieces of rabbit organ; the reverse may also 
occur. The relative efficacy of different organs (bladder and 
ureter) of the same animal also shows variations. There occur, 
furthermore, differences in the readiness with n hich the coagulated 
plasmas of different indmduals of the same species can be dis- 
solved. Thus there are individual variations not only in the 
strength of certain tissues but also in the character of the plasma 
of the same species. 

The fact that different tissues behave differentb^ towards the 
coagulum suggests that the different tissues of an organ might 
likewise differ in their dissolving power. The coimective tissue 
of the subcutis was found to be inactive. From this it might 
follow that the connective tissues of other organs would also be 
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inactive. This would explain why, in the early stages of con- 
tact between pieces of organ and coagulum, solution takes place 
only on one side. In such cases a microscopical examination 
showed that the active side corresponded to the mucosa. In 
the case of the uterus, the epithelium of the mucosa was lacking, 
but the glands were present. In a similar , case with a piece of 
ureter which had not been split open so that the mucosa had a 
chance to come in contact with the coagulum, examination indi- 
cated an eversion of the mucosa at the only place where solution 
had taken place. As controls, pieces of different kinds of non- 
living material were tested. Pieces of glass and wood, with and 
without a coating of vaselin, were quite inactive. Pieces of 
paraffin were in most cases inactive; a slight retraction could 
be observed around two pieces. Substances upon which water 
does not readily spread out were purposely selected because 
these might be expected to show a tendency to allow retraction 
of the coagulum from their surfaces. This was, nevertheless, 
exceptional. 

Does specificity exist in the dissolving effect of the organs of various 

species? 

We have seen that both rabbit and guinea pig organs dis- 
solve the coagulum of rabbit plasma and occasionally that of 
guinea pig plasma; cat and mouse organs also dissolve rabbit 
•plasma. An absolute species specificity in the dissolving power 
of the various organs does, therefore, certainly not exist. Never- 
theless, a specific adaptation between the organs and plasmas of 
various species may exist in the sense that organs of a certain spe- 
cies or class have a relatively stronger dissolving effect on the plas- 
matic coagulum of the same species or class than on the plasmatic 
coagulum of another species or class; such a specific adaptation 
has been demonstrated by one of us in the case of tissue coagulum.- 
Cross experiments were made, in which guinea pig and rabbit 
ureter and bladder were tested with guinea pig and rabbit plas- 
mas (organs active in both species, and plasmas liable to bo dis- 
solved by these organs were chosen). Some cases were found in 

= Loeb; Medical Neivs, Ixxxiii, p. 212, 1903; Arch. f. Anai. u. Physiol., 
clxxvi, p. 10, 1904; Biol. Bull., ix, p. 141, 1905. 
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which there seemed to be a relatively stronger action of the or- 
gans of one species on the plasma of the same species as come 
pared with their action on the plasma of the other species. But 
in many experiments such a specific adaptation was lacking and 
the results do not, therefore, permit the conclusion that such a 
specific adaptation exists in the case of the fibrinolysins. It 
must be remembered, however, that even in the case of tissue coag- 
ulins, only a class and not a species specificity could be shown to 
exist in most cases. 

The same conclusion was hlso reached as follows: In those 
cases in which pure rabbit plasma was more completely dis- 
solved by rabbit organs (ureter and bladder) a mixture of equal 
parts of rabbit and guinea pig plasmas was dissolved as well or 
better by guinea pig organs than by rabbit organs. This is in- 
terpreted as indicating that guinea pig plasma is more accessible 
to solution by guinea pig than by rabbit organs, or that the dis- 
solving power of guinea pig organs is less inhibited by guinea 
pig plasma than is that of rabbit organs. However, this effect 
was not constant and was never verj’- marked. 

The influence of heat on the dissolving power of organs. 

Pieces of guinea pig ovary and ureter and of rabbit ureter, 
heated to 56° for thirty minutes, entirely lose their power to dis- 
solve coagulmn. This power is diminished (but not destroyed) 
by heating the pieces to 49° for thirty minutes. The niunber of 
ineffective pieces increased in the case of the rabbit and guinea 
pig ureter, and the effective pieces of rabbit mreter and guinea 
pig ovary were less active than the unheated control pieces. 


TABLE 

The influence of heat on tissues in rabbit plasma. 



49 ® roR 30 MIN. 

50 ® FOR 30 MIX. 

56 ® FOE 30 

MIX. 

Guinea pig ovary. . . 

9+ (diminished) 

3+ (diminished) 

9 0 

Guinea pig ureter. . 

7 0 

— 

7 o 

Rabbit ureter 

5+ (diminished) 3 o 


9 o 
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The '^.niiuence of temperature on the solution of coagulum by orgai^s. 

If the organs and plasma are kept at the temperature of melt- 
ing ice instead of in the thermostat (39° to 40°) and examined after 
twenty-four hours, the solution of the coagulum is markedlj’- less, 
and in the majority of cases is entirely lacking. Even after forty- 
eight hours it was still less than in the corresponding tubes at 
body temperature after twenty-four hours. Thus, at a tempera- 
ture a few degrees above freezing, the solution of the coagulum is 
much retarded but not entirely prevented. 

TABLE VII. 

Pieces of organs in rabbit plasma kept on ice for twenty-four hours. 




DURING 1st day 

! 

\rTLR 4S iins 

Guinea pig ovary. . . 

10-|- (markedly 2 o 

4-1- slight S 0 

4-|- (1 marked, 


diminished) 


3 slight) 

Guinea pig uterus. 

2-1- (markedly 2 o 




diminished) 

4 0 

- 

'Guinea pig ureter... 

— 4 0 

4 0 

— 

Guinea pig bladder 

1-b (markedly 3 o 

1 slight 3 0 

1 marked, 


diminished) 


3 slight 

Rabbit bladder 

1-t- (markedlj' 9 o 

10 0 

1 slight 3 0 


diminished) 




The dissolving power of pieces oj organ after a second transplanta- 
tion into plasma. 

It was of interest to determine whether the power of pieces of 
organs to dissolve coagulum was changed after they once had 
exerted this influence on coagulated plasma. Pieces of guinea 
pig ovary and bladder and rabbit bladder in coagulum were 
maintained near the freezing temperature for twenty-four hours 
and then transplanted into new plasma tubes, which were kept 
at body temperature for one day more. No noticeable loss in 
the dissolving power of the transplanted pieces was found. If, 
howev^er, pieces of the same organs and, in addition, pieces of 
rabbit ureter in coagulum were left at 39° to 40° for twenty- 
four hours and then transferred to new tubes, the dissolving power 
of the pieces in the second set of tubes was verj'’ much diminished 
(Table VIII). Pieces of the same tissues, when kept in distilled 
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TABLE "VUL 


Transplanted from rabbit plasma. 



1 

! OV ICE TOP. 24 HES. ^ 

IV THE THEEHO^TlT 
; r FOB 24 HES 

^ . 1 
Guinea pig ovary 1 

6 marked 1 questionable 

1 3 0 

Guinea pig bladder. ... 

4 marked 

I 3 slight 2 0 

Rabbit bladder 

9 marked 

5 medium 2 o 

Rabbit ureter 

— 

3 slight 


■water, in 0.85 per cent NaCl solution or in a dry test-tube, either 
at body temperature or on ice, lost in dissol-ring power when 
transplanted into plasma and kept at 39° to 40° for twentj’-four 
hours (Table IX). In the latter case the washing out of the 
substance from the tissue or the drjdng of the tissues may have 
led to a loss in dissolving power. 


TABLE IX 



1 

\ DRT 

\ 

TTATEB 

1 XaCI 


1 

Ice i 

Thermostat 

Ice 

|Thermtwtat 

Ice 

Thermostat 

Guinea pig ovarj* 

1 medium 


1 

1 slight 

1 medium 

] medium 



1 slight 

2 slight 

1 o 

lo 1 

2 ahght 

2o 

Guinea pig uterus 

1 marked 

2 marked 

— 

2 marked 

1 medium 

2 marked 


1 o 




1 o 


Guinea pig ureter i 

2 slight 

2 medium i 

1 medium , 

2 marked 1 

2 o 

2 o 

2 slight 

Habbit bladder 

1 slight 

2 alight 

I medium 

3 marked 

3 slight 


1 o 

1 o 

1 medium 

1 slight 



Guinea pig bladder 

1 marked j 

j 1 medium 

1 slight 

1 

1 slight 

1 medium | 

1 o 


The influence of the contact with acid, alkali, glycerol, toluene, and 
fat-dissolving substances on the dissolving ■power of the organ. 

In order to determine the effect of these substances, pieces of 
organs were left in contact with them for one daj', then washed 
with sterile 0.85 per cent NaCl solution, and placed in the plasma. 
The pieces in alcohol, ether, and chloroform were kept at 0° 
and at room temperature; those in toluene, acid, alkali, and 
glycerol, at 0° and at 39° to 40°. The effect of these substances 
was not suflScient to render the pieces inactive, although a de- 
crease in dissol-vdng power took place. The temperature was not 
an important factor in the results. 
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TABLE X. 


ORGANS LEFT 24 HRS, IN 1 

1 

OVARY 

URETER 

i 

BLADDER 


) O 

3 slight 

1 medium 

3 marked, I medium, 2 slight 2o 

1 medium, 3 slight 4o 

4 medium, 7 slight 5 o 

1 marked, 4 medium, 3 slight 3 o 

4 marked, 1 medium, 3 slight 3 o 

4 medium, — 5 o 

1 medium, 4 slight 3 o 

N/50HCI 

1 slight 

1 o 

2 slight 

n/ 50 NaOH 


Alcohol 





Chloroform 


! 

Gl3'cerol 




! 



The effect of the addition of acid, alkali, potassium- cyanide, and 
Witte’s peptone to the plasma on the dissolving power of the 
various organs. 


In various experiments one drop of n/50 to n/10 hydrochloric 
acid or sodium hydroxide was added to two drops of plasma. 
To this mixture fresh pieces of organs were added. The addition 
of n/IO hydrochloric acid caused a distinct opacity in the plasma. 
In some tubes the plasma did not coagulate after the addition of 
the n/IO acid or alkali. The dissolving power of the guinea pig 
uterus was not noticeably changed by any of the substances 
used. 

TABLE XI. 


Influence of acid or alkali, 1 drop io S drops of rabbit plasma. 


Guinea pig uterus 

N/10 HCl 4+ 



n/ 50 HCl 7+ 

Guinea pig uterus 

N/10 NaOH 6+ 



N/SO NaOH 84- 


TABLE XII. 


Influence of potassium cyanide, 1 drop to 8 drops of rabbit plasma. 


Guinea pig ovary. 


N/10 1 + 


n/20 4+ 


n/25 7+ 


N/50 3+ 


TABLE XIII. 

Influence of Witte’s peptone, 1 drop to S drops of rabbit plasma. 


Rabbit bladder. 


1% solution 6+ 


5% solution 7+ 
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The effect of an atmosphere of hydrogen. 

To determine the effect of hydrogen, a stream of this gas vras 
passed through the tubes for about an hour after the pieces had 
been put into the plasma, and the hydrogen atmosphere was 
allowed to remain for a day. Solution of the coagulum proceeded 
in approximately the normal way. 


TABLE XI\'. 

The influence of hydrogen on pieces in rabbit plasma. 


Guinea pig ovary 

In plasma 7 j 

On plasma 6 

Guinea pig uterus 

In plasma 7 

On plasma 4 (2?) 


The dissolving action of pieces of organs placed on the surface of 
coagulated plasma. 

In the above experiments the plasma coagulated around the 
piece of organ. Therefore the pieces were at first in close con- 
tact with the coagulum. If active, an area gradually formed 
around the piece so that the coagulum was no longer in con- 
tact with it. There are two possible explanations for this phenom- 
enon: first, it may be considered as a retraction of the coagulum 
from the various pieces; second, it may be assumed that certain 
pieces of organs actually have the power to dissolve coagulum 
in contact with them. In order to decide between the two pos- 
sibilities, the plasma was allowed to coagulate at the bottom of 
the tubes before the pieces of organ were introduced. After 
standing for thirty to sixty minutes at room temperature, the 
tubes, each of which contained about four drops of plasma, had 
a coagulum sufficiently strong to permit the placing of a small 
piece of organ upon its surface. If the same differences among 
the various sets of organs were found in this case as were found 
by the first method, then it might be concluded that the phenom- 
enon is due to a dissolving effect of certain organs on the coagulum 
rather than to a retraction of the coagulum from the pieces, 
although the latter maj' possibly, in certain cases, be added to 
the former. From Table XV it is seen that those organs, which are 
active when put into the liquid plasma, are about equall3’’ active 
when placed on the surface of the coagulated plasma. Like- 
wise, the same kind of organs is inactive or slightl}' acti%-e in 
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both sets of experiments. While within the coagulum a light 
zone forms around the piece of organ, the active organs (as guinea 
pig ovary), when placed on the surface gradually dissolve the 
coagulum, sink into it (perhaps to the bottom of the tube), and 
then sometimes produce a light zone of dissolved coagulum 
around their circumference. With less active organs (rabbit or 
guinea pig bladder) solution often takes place, but is usually less 
complete. Organs such as liver, spleen, pancreas, or kidney, 
show the same activity (usually negative) when placed on the sur- 
face of the coagulum as when placed within the plasma. Pieces 
of glass, placed on the surface of the coagulum, produce a de- 
pression which disappears after their removal. 


TABUS XV. 

Tissues placed on the surface of coagidalcd rabbit plas7na. 


Guinea pig ovary 

17 marked 

4 medium 


Guinea pig placenta 

1 

— j 

1 slight 2 0 

Guinea pig bladder 


9 medium 

1 slight 1 0 

Guinea pig uterus 

17 marked 

— 

- - 

Guinea pig ureter 

— 

— 

3 slight 1 0 

Rabbit ureter 

— 

2 medium 

- 2 0 

Rabbit bladder 

— 

8 medium 

6 slight 2 0 

Guinea pig liver 

! 


1 14 0 

Guinea pig kidney 



9 0 

Guinea pig spleen 

1 


i 8 0 

Guinea pig pancreas 



11 0 

Glass 

(no permanent depression) 

i 13 0 


Can plasma coagulated hy healing be dissolved by organs? 

If the spontaneously clotted plasma is slowly heated to 72° 
or 85° and the pieces of organs are placed on it, no solution takes 
place, but the pieces remain on the surface of the plasma. The 
heat-coagulated plasma, therefore, can no longer be dissolved in 
a manner similar to the unchanged fibrinous coagulum. 


TABLE XVI. 

Tissxies placed on the surface of heat coagidalcd rabbit plasnia- 

I- I iTTi-urti I PI.ACKNTA DLACPER I KIDNEY 


OVARY 

j UTERUS 

^ PUACENTA j 

BLADPER 1 

1 

S 0 

10 0 

1 So j 

. 1 

50 ( 
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Has the extract of active organs a dissolving effect? 

An attempt was made to extract the fibrinolysins from organs 
which normally dissolve the coagulum, but it was unsuccessful. 
Finely divided guinea pig ovary or uterus or rabbit bladder was 
rubbed with a small amount of sterile 0.85 per cent NaCl solu- 
tion and the suspension kept on ice or at room temperature for 
thirty to sixty minutes. One drop of the supernatant turbid 
fluid, added to plasma, did not produce a solution of the coagulum. 
The solid residue of the crushed ovarj' or uterus, when placed 
in the plasma, caused a slight solution, though this was not as 
marked as that produced by fresh pieces. The crushing of the 
piece probably removed or injured some of the active substance. 


TABUE xvir. 

Crushed organs in rabbit plasma. 



SCPEnSATANT 

rt.TJID 

residue: 

Guinea pig ovary 

5 0 

j 3 slight 

Guinea pig uterus 

4 0 

Guinea pig spleen 

4 0 

1 - 

Rabbit bladder ' 

6 0 

' 5 slight and slow 1 o 



The effect of placing several pieces of tissue into the coagulum. 

If instead of placing one single relatively large piece of organ 
in the plasma or on the surface of the coagulum, a large number 
of very small pieces of guinea pig ovaiy or uterus are distributed 
in the coagulum, a small zone of solution results aroimd a num- 
ber of the small pieces, or, as sometimes happens, the greater part 
of the coagulum is dissolved. 

If the coagulum was covered with slices of ovarian tissue ob- 
tained by cutting the organ lengthwise into flat sections, the 
solution was superficial and not as complete as might have been 
expected. This may perhaps be due to the fact that only cer- 
tain parts of the ovarian tissue have a dissolving effect, and those 
parts which had no dissolving effect (probably the medulla) pre- 
vented the other parts from sinking in and continuing their 
dissolving action. 
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The effect of the addition of various suspensions or e77iuIsions to 
the plasma on the dissolving power of organs. 

The observation that some organs are entirely without fibrino- 
lytic power suggested the possibility that these organs contain sub- 
stances which exert an inhibiting effect on the dissolving power 
of active organs. Emulsions (suspensions) of various organs in 
0.85 per cent NaCl solution were prepared, with about two vol- 
umes of salt solution to one volume of organ, one drop of the 
emulsion was added to three drops of plasma, and both liquids 
were well mixed. The organ piece was added as usual. Liver 
emulsion had a very marked inhibiting influence on the dis- 
solving power of guinea pig ovary and uterus. This effect was 
diminished, but not destroyed, by heating the emulsion to 56° 
for thirty minutes before adding it to the plasma. Spleen, kid- 
ney, mouse tumor, and brain emulsions had only a relatively 
slight inhibiting effect on fibrinolysis. 

If instead' of organ emulsion, one drop of rabbit serum was 
added to the plasma, no effect on the solution of the coagulum 
was observed. 

Suspensions of charcoal and of kaolin were also prepared, one 
volume of the powdered substance being mixed with one and a 
half volumes of 0.85 per cent NaCl solution, and one drop of these 
was added to three drops of plasma. Kaolin had a slightly inhibit- 
ing effect, perhaps comparable with that exerted by kidney or 
brain. Charcoal was without any noticeable effect. This may 
be because charcoal had a tendency to collect at the bottom of 
the tube, only a little remaining in suspension in the coagulum 
surrounding the piece of organ. The margin of the coagulum 
adjoining the part between the coagulum and the piece of organ 
contained more charcoal particles than the other parts of the 
coagulum. This may indicate that some retraction of the 
border of the coagulum takes place in addition to the dissolving 
effect of the pieces of organs. 

It may be concluded, therefore, that various suspensions of 
organs and also of inorganic material exert a certain inhibiting 
effect on the solution (or on the retraction) of the coagulum 
which takes place under the influence of the pieces of organs. 
This influence is probably not specific and may either be due to 
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the adsorption of the fibrinob’tic agent by the adnuxed colloidal 
substances or to the changes in the structure and consistenc3^ of the 
coagulum which it produces. It seems, however, that the liver 
emulsion has in addition to this general action a special inhibitor}' 
effect on the fibrinobdic agency of certain organs. This assump- 
tion would be in harmony with the well known part which the 
liver plays in the regulation of the quantity of fibrinogen found in 
the blood. This interpretation of the action of liver emulsions 
is merely a tentative one. 

TABLE xvm. 


The influence of tissue extracts upon ovary in rabbit plasma. 



MABSED 

iTEDIUif 

' SUGHT 1 

o 

Control 

24 

3 

1 

6 

i 

Liver 

1 

— 

3 


Spleen 

6 

- 

3 

- 

Kidney 

4 

6 

2 

— 

Tumor 

5 

1 

5 

2 

Brain 

4 

6 

3 1 

— 

Liver at 56° 

— 

1 

9 

2 

Charcoal 

9 

— 

— ' 

— 

Kaolin 

4 

1 

3 

— 

Serum 

10 

— 

— 

— 


Influence upon uterus in rabbit plasma. 


Control 

1 

1 

3 1 — 

Liver 



2 (2?) 1 7 

1 1 - 

Brain 

2 

6 





The effect of various pieces of organs on the dissolving power of 
guinea pig ovary. 

The inhibiting effect of liver on the dissolving power of active 
organs, such as gmnea pig ovary, can also be demonstrated in 
the following manner. When a small piece of liver is placed in 
plasma near the piece of ovary, but separated from the latter by 
coagulum, the liver exerts a distinct inhibiting influence on the 
dissolving power of the ovary. In most cases the dissolving power 
is not entirely destroyed, but is considerably diminished. The 
addition of pieces of spleen, mouse tumor, or glass instead of 
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liver, diminishes the dissolving action of the ovary little if at all. 
Boiling the pieces of liver before adding them to the plasma also 
destroys, more or less completely, their inhibiting power. 

These experiments confirm the results obtained with other 
methods in which crushed material was added to the plasma. It 
may be assumed that substances exude from the liver into the 
surrounding plasma, which prevent the solution of the coagulum. 
The coagulum is stained around the pieces of liver and of spleen, 
thus indicating the admixture of the substances emanating from 
these organs into the plasma. 


TABLE XIX. 

The influence of two pieces of organs upon the ovary. 



MARKED 

MEDIUM 

1 SLIGHT 

0 

Control 

7 

2 



Liver 


2 

— 

2 

Spleen 

10 

4 

— 


Tumor 

8 




Glass 

9 

_ 



Boiled liver 

6 

2 

1 ^ 

, 

Boiled tumor 

5 

1 

1 : 







Does chicken 'plasina contain a substance inhibiting the dissolving 
power of organs in rabbit coagulum? 

Since an inhibiting substance has been demonstrated in the 
liver, it was thought possible that such a,n inhibiting substance 
might exist in the chicken plasma, since this cannot be dissolved 
by otherwise active organs. If this is so, we should expect to 
find that the addition of small amounts of chicken plasma exerts 
a definite inhibiting effect. This is, however, not the case. One 
part chicken plasma added to four parts rabbit plasma has no 
noticeable effect on the dissolving power of guinea pig ovar}'- or 
uterus. If the amount of chicken plasma is increased, the num- 
ber of active pieces of ovary or uterus gradually diminishes. It 
is probable that a soluble substance is lacking in chicken plasma; 
if sufficient chicken plasma is added to rabbit plasma, an insol- 
uble part remains in the coagulum, which consists of the parti- 
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cles of chicken plasma intimately admixed ndth the rabbit plasma. 
There is no indication, therefore, that chicken plasma contains 
a substance which prevents the dissolving effect of otherwise 
active organs on rabbit plasma. 


TABLE XX. 

The influence of chicken plasma. 



OVART 

DTEBCS 

1 part chicken plasma plus 4 parts rabbit plasma 

1 part chicken plasma plus 3 parts rabbit plasma 

1 part chicken plasma plus 2 parts rabbit plasma . . . 

3+ 

5+ 1 0 
3+ 3 o 

2+ 

4+ 2 o 
2+ 4o 


If equal parts of rabbit and guinea pig plasma are mixed and 
guinea pig or rabbit organs added, the dissolving power of the 
organs in the mixture is, on the whole, greater than that in 
pure guinea pig and less than that in rabbit plasma. In a few 
cases the solution was greater in the mixture than in rabbit 
plasma, especially if guinea pig organs were used. 

TABLE XXI. 


Comparison beticeen Ihe action of various organs in rabbit plasma and in a 
mixture of rabbit and guinea pig plasmas. 



BU5BIT 

URETER 

GUINEA PIG 
URETER 

1 BABBIT 

BLADDER 

1 GUINEA 

1 PIG 

' BLADDER 

More marked in rabbit 





plasma. . 

6 

s 

10 

6 

More marked or equal in rab- 





bit plasma 

2 i 

2 

2 

2 

Equal in both 

1 


1 

1 

More marked or equal in 





mixture . . 

— 

— 

— 

3 

More marked in mi.xture 

1 

9 

j 

I (ques- 
tionable) 

1 (slight) 

2 


In all cases the organs are less active in guinea pig plasma than in the 
mixture (c.xcluding the cases where the organs were negative in both). 
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Does a relationship exist between the dissolving power of various 
organs and their effect on the coagidation of the hlood?^ 

The fact that some of the organs which are most active in ac- 
celerating the coagulation of the blood, like the spleen and the 
liver, and to some extent the kidney, are least active in dissolving 
coagulum, suggested a possible relationship between the two 
factors. Experiments were therefore carried out in wliich com- 
parative tests were made of the effect of these organs upon the 
coagulation of the blood. Small pieces of various organs were 
placed at the bottom of small test-tubes and three drops of rab- 
bit plasma, containing hirudin, added. Table XXII gives the 
averages of the coagulation time in the various experiments. 
List No. II differs from No. I in that one experiment, in which a 
stronger solution of hirudin was used, is omitted. From these 
results it may be concluded that there exists a certain relation- 
ship between the fibrinolytic power of organs and their effect on 
the coagulation of the blood, but that other factors intervene. 
Guinea pig ovary and uterus, which have the strongest fibrino- 
lytic effect, have the weakest effect in accelerating the coagulation 
of the blood. Bladder and ureter, which have fairly marked 
fibrinolytic power, also accelerate the coagulation of the blood 
fairly markedly. These results may be explained by assum- 
ing that nearly all organs contain tissue coagulins or other factors 
which accelerate the coagulation of the blood, while certain of 
these organs contain, in addition, fibrinolytic substances which 
tend to prevent the coagulation. Bladder and ureter probably 
contain relatively large quantities of those factors which favor 
the coagulation of the blood. 

’ We take this occasion to point out a probable error in a former publi- 
cation concerning the coagulation of the blood (M. Vera and L. Loeb: 
this Journal, xix, p. 305, 1914). We concluded that immunization with 
hirudin changed the reaction of the blood towards sodium fluoride in a 
similar way as towards hirudin, though less markedly. Our evidence was 
however contradictory in as far as experiments in which we used the blood- 
serum of the immunized animals were negative; in this ease sodium fluoride 
behaved like other substances preventing coagulation of the blood through 
inactivation of calcium. We made therefore additional experiments with 
sodium fluoride and found that it behaved in all cases like citrate and oxa- 
late or magnesium chloride. We intend to take up this question again as 
soon as an opportunity presents itself. 
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Experiments carried out without the previous addition of 
hirudin to the plasma, in which the plasma was kept a few de- 
grees abov^e the freezing point during the progress of the work, 
gave similar results. 

Experiments in which organ suspensions were added to the 
plasma are of interest inasmuch as the}'" demonstrate the strong 
accelerating effect exerted by the brain tissue (lipoids) under these 
conditions. 

TABLE xxn. 

Coagulation lime. 

I. One drop of hirudin solution 10.05 to 0.03 per cent) and three drops of 

rabbit plasma. 

Five experiments. 


GUINEA no 
OVART 

GUINEA PIG 
UTERUS 1 

; RABBIT 
OVART 

GUINEA PIC 
PANCREAS 

GUINEA PIG 
LUNG 

GUINEA PIG 
URETER 

GUINEA PIG 
BL.ADDER 

GUINEA PIG 
SPLEEN 

min. 

mtn. 

min. 

mm. 

min. 

min. 

min. 

min. 

38.2 

28.6 

B 

15.4 

14 

12.6 

11.4 

8.2 


II. One drop of hirudin solution (0.04 lo 0.03 per cent) and three drops 
of rabbit plasma. 

Four experiments. 


CONTROL 

GUINEA PIG 

GUINEA PIC 

GUINEA PIC 

GUINEA PIC 

GUINEA PIC 



{crushed) 


PERIITENTS) 

min. 

mm. 



min. 

min. 

31.5 

1 ^ i 



12.5 

10.75 


LUNG 1 

1 

1 LIVER 

1 

J URETER 

1 


KIDNET 

1 RABBIT 
OV.AET 

SPLEEN 

mtn. 

min. 

min. 

min. \ 

mm. 

[ min. 

min. 

9.75 

9.25 

9 

8.75 

1 

8.5 

8.25 

6.25 


CONCLUSIONS. 

The above observations make it appear probable that there 
exist in various species "of animals certain tissue substances which 
have the power to dissolve blood coagulum when it is in direct 
contact with the tissues. These substances may be called fibrino- 
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lysins/ They seem to diffuse slowly out of the cells and to act 
only in the environment of the tissues. Heating the tissues to 
49° or 50 ° weakens their activity, while heating to 56° destroys it. 
This action is probably due to a direct, injurious effect on the 
fibrinolytic agency, although we cannot entirely exclude the 
fact that the coagulating effect on the tissues, which prevents the 
active agent’s escaping from the tissue, may also be concerned 
in it. The fibrinol 3 d;ic efiiciency of the organs of different species 
varies considerably. Some, like chicken organs, seem entirely 
inactive. Similar differences appear in the readiness with which 
various lands of blood are dissolved. Here, again, bird blood has 
been found to be insoluble. There seems to be a certain, although 
not complete, parallelism between the fibrinolytic power of the 
organs of a certain species and the readiness with which its blood 
is dissolved, although further investigation is needed to estab- 
lish this point. 

In the species thus far examined, the same kinds of organs were 
found to be active. The genito-urinary system is the most 
active, while the nervous system and certain organs of the ali- 
mentary tract are next. Other organs, as spleen, liver, pancreas, 
muscle, heart, connective tissue, and mouse tumor, have been 
found to be nearly or entirely inactive. There are certain varia- 
tions from this general statement. The most striking difference, 
perhaps, is between the ovary of the guinea pig and that of 
the rabbit. While the former is the most active organ found 
thus far, the latter is almost inactive. Not all the cells con- 
tributing to the building of an organ are concerned in its activity; 
ordinarily connective tissue seems to be inactive. 

The work also indicates that there is a specific adaptation be- 
tween the fibrinolytic action of the organs of a certain species and 
its own blood. This follows from the fact that the addition of 
guinea pig blood to rabbit blood, which is much more soluble 
than guinea pig blood, has apparently a smaller inhibiting effect 


•* H. Conradi (tlber die Beziehungen der Autolyse zur Blutgerrinnung, 
Beiir. z. cnem. Phj/s. u. Path., i, p. 136, 1902) mentions briefly that the 
press juice from liver, spleen, and testicle has a fibrinolytic action. He 
does not, to our knowledge, mention any detailed results. Liver and 
spleen are, in our experience, the organs that do not show fibrinolytic 
action. 
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on the solution of the coagulum by guinea pig organs than upon 
that by rabbit organs. Hovrever, further proof is needed before 
definitely deciding the question. The fact that placing the or- 
gans on the coagulum has as definite an effect as putting the 
pieces into the coagulum makes it appear certain that the phe- 
nomena -cannot be explained as caused b}' mere retraction of the 
coagulum, although this may be a secondary factor. 

The actiye substance has not yet been extracted from the 
crushed pieces of organs with normal salt solution, nor has an 
emulsion of brain misled with blood been found active, although 
pieces of brain often show a certain degree of activitj'. 

In interpreting this latter obsen*ation one has to consider 
the retarding influence which certain powders like kaolin and 
organ suspensions exert on fibrinob’sis and perhaps also on the 
retraction of the coagulum. It is possible that antagonistic fac- 
tors (adsorption) or the presence of antagonistic substances in 
certain organs comphcate the experiments, and that in finely 
divided condition the antagonistic factors overbalance the fibrino- 
l3rtic power. In most organ suspensions this inhibiting effect 
is relatively slight. The most marked effect has been found in 
liver suspensions. This inhibiting power of the liver can also 
be demonstrated if a small piece of liver is placed near a piece of 
guinea pig ovarj’^ or uterus. A substance diffuses from the liver 
into the coagulum which inhibits, to some extent, the fibrinolji;ic 
power of the ovary or uterus. It is interesting to consider in 
this connection that the liver is especially the organ that regu- 
lates fibrinolysis in the blood, and that after exclusion of the liver 
from the circulation fibrinolji/ic processes are much accelerated 
in the blood. 

Thus while certain organs which in themselves do not exert 
a fibrinolytic activity can be shown to contain an antagonistic 
factor, this does not seem to be so in the blood of those species 
which are insoluble. Chicken blood does not seem to prevent 
the solution of rabbit blood if added in small quantity, but seems 
merely to lack a soluble substance; if both bloods are mixed in 
equal parts the chicken blood provides an insoluble structure 
between which the soluble rabbit particles are situated. Some 
of the organs which have the greatest fibrinoljtic power, Uke the 
guinea pig ovarj^ and uterus, have the smallest power of acceler- 
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ating the coagulation of blood. Rabbit ovary, which has very 
slight fibrinolytic power, is less unfavorable to the coagulation, 
but still does not accelerate it markedly. On the other hand, 
some of those organs, as spleen, liver, or kidney, which have an 
irregular or no fibrinolytic effect, accelerate the coagulation of 
the blood markedly. This suggests that there is a relation be- 
tween the power to influence the coagulation of blood and the 
fibrinolytic effect. 

Schickele® and quite recently Pujii® found that the ovaries 
and uterus contain substances inhibiting the coagulation of the 
blood. Fuji! found that the rabbit uterus is more active than 
the ovary, while in other animals the ovary is more active. Cor- 
respondingly, we have found that the ovary of the rabbit is less 
active than that of some other species. Fujii also found that 
the placenta contained substances inhibiting the coagulation of 
blood, a fact which agrees with the above demonstration of the 
fibrinolytic power of the placenta. These facts suggest that the 
substance inhibiting the coagulation of the blood is identical with 
the fibrinolytic substance. Such an assumption would be in 
accord with the observation previously published by one^ of us; 
namely, that in phosphorus poisoning there exists a parallelism 
between the decrease of the fibrinogen and of the substances of 
the blood which accelerate its coagulation. The present investi- 
gation also suggests that the presence of this substance is not the 
only factor determining the fibrinolytic power of organs, but that 
there may be agencies at work in various organs counterbalancing 
the fibrinolytic effect of the active organs. 

The fibrinolysins contained in certain organs, and absent or 
masked in others, are of practical significance in pathological con- 
ditions. This significance lies especially in two directions. First, 
the ingrowth of connective tissue and other cells into certain areas 
depends, as has been previously shown, upon the sensitiveness 
to stereotropic stimuli on the part of the cells which organize 
defects of various kinds.® Contact of cells with coagulum is, there- 

' G. Schickelc: Biochem. Ztschr., xxxviii, p. 169, 1912. 

® T. Fujii: ibid., Ixvi, p. 368, 1914. 

^ Loeb: Beitr. z. chevi. Phys. u. Path., v, p. 534, 1904. 

* Loeb: Ueber Regeneration des Epithels, Arch. f. Entwcklnysmcchn. d. 
Organ., vi, p. 297, 1898. 
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fore, an essential factor in determining the movements of the 
cells. The tissue coagulLns present in many or perhaps all or- 
gans tend to establish such a contact and therefore promote or- 
ganization of various defects, of thrombi or of coagulated transu- 
dates.® Tissue fibrinolj’-sins present in some organs have the op- 
posite tendenc 3 %- thej^ prevent the ingrowth of cells. Thus, when 
pieces of guinea pig ovary or uterus are placed in blood plasma, 
contact between the tissue and the solid coagulum is lacking and 
outgrowth of cells into the surrounding fluid does not take place. 
This is in accordance vdth the presence of fibrinolj’sins in these 
organs. Second, it maj*- be that the formation of cj'sts filled 
with liquids containing remnants of blood, which develop after 
hemorrhage in the brain, and perhaps also in other places, de- 
pends upon the action of tissue fibrinolj^sins, which gradually 
liquefy the coagulum. 

The tissue fibrinoh'sins are, as far as can be determined at 
the present time, not identical with those tissue-splitting fer- 
ments which produce autolysis. The latter are, according to 
Jacobj', specific; thej’’ digest onfy their own organ. Thej’’ are, 
furthermore, strongest in those organs, as the liver, in which 
we could not detect fibrinofysins. 

STJMILVRT. 

Certain organ sj'stems, especially the genito-urinarj' and nerv- 
ous sj'stems, contain fibrinofysins. Heating organs to 56° for 
thirtj’- minutes renders them inactive. Various species of ani- 
mals differ in the flbrinoljdic power of their organs; there also 
exist great variations in the solubilitj’’ of different kinds of blood. 
The liver counteracts the effect of the fibrinofysins. The sub- 
stances found in certain organs, which inhibit the coagulation 
of the blood, are perhaps identical with the fibrinofysins. The 
fibrinofysins have a considerable biological significance in pre- 
venting growth processes; the 3 ’- are antagonistic to the tissue 
coagulins which promote growth processes. The fibrinofysins 
do not seem to be identical with those sphtting ferments which 
produce autofysis. 

’ Loeb : On the coagulation of the blood in its relation to thrombosis 
and the formation of fibrinous exudate. Montreal Meil Jnnr i-s-i-ii r> 
507 , 1903 . 




ON THE NATURE OF THE SUGARS FOUND IN THE 
TUBERS OF SWEET POTATOES. 

Bt K. MIYAKE. 

(From the Chemical Laboralory, College of Agriculture, Tohoku Imperial 
University, Sapporo, Japan.) 

(Received for publication, April 19, 1915.) 

This is a second paper on the results of investigations, now being 
conducted in our laboratory, concerning the sugars in the under- 
ground reserve organs of plants.* 

Stone- studied the carbohj’-drate constituents of the sweet 
potato and proved the presence of saccharose among the sugars. 
Other previous investigations have been concerned only with 
the general composition. Consequently we selected the sweet 
potato as the object of our second study on this subject, and in- 
vestigated the nature of the sugars. 

Preparation of the syrup. 

100 gm, of the finely pulverized material were extracted in a Soxhiet 
apparatus with ether. After evaporating the ether, the oil-free residue 
was placed in a 750 cc. Erlenmeyer flask, and extracted daily with 300 
cc. of 95 per cent alcohol by heating in a boiling water bath, with a reflux 
condenser. About two weeks were required to remove the last traces of 
sugars. The combined e.xtracts were filtered to remove the sediment 
which was formed on standing, and the filtrate was evaporated to a sjTupy 
condition in a partial vacuum. The syrup was purified by shaking with 
absolute alcohol. The clear solution was decanted and evaporated down 
to about 10 cc. 

The above method of preparing the syrup was once more re- 
peated to get a sufficient quantity of the material for the investi- 
gation. 

* The first paper, entitled On the Nature of the Sugars Found in the 
Tubers of Arrowhead, is published in this Journal, xv, p. 221, 1913. 

* W. E. Stone: Ber. d. deutsch. chem. Gesellsch., xxiii, p. 1406, 1S90. 
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Qualitative tests of the syrup. 

The syrup gave the following qualitative reactions; 

1. It had a very sweet taste. 

2. It reduced Fehling's solution strongly; after inversion with 
hydrochloric acid the reducing power is much enhanced, showing 
the presence of both reducing and non-reducing sugars. 

3. It gave Molisch-Udransky reaction with a-naphthol and 
sulphuric acid. 

4. It gave the characteristic blood-red color on heating with 
picric acid and caustic soda (reaction of Braun for glucose). 

5. It gave the characteristic fiery red color of ketose with 
resorcin and hydrochloric acid (Selivanoff’s reaction). 

6. It gave Pinoff’s reaction with ammonium molybdate and 
acetic acid. 

7. It did not show anj'- pentose reaction by the phloroglucin 
method. 

8. No mucic acid was produced upon oxidation with nitric 
acid. 

9. Saccharic acid was detected as acid potassium salt in the 
oxidized solution of the syrup. 

10. It rotated the plane of polarization toward the right; 
after inversion it was' slightly levorotatory. 

11. It produced no characteristic mannose phenylhydrazone 
with phenylhydrazine, either in the original or in the inverted 
syrup. When the mixture in both cases was warmed in a boiling 
water bath with acetic acid, the yellowish, well crystallized osa- 
zone was produced. 

12. Two drop portions of the syrup were placed on object 
glasses, and inoculated respectively with crystals of glucose, 
fructose, maltose, and sucrose. After twenty-four hours the 
solution which had been inoculated with sucrose showed the 
formation of new crystals, while the others remained unchanged. 

From the above tests it is evident that the syrup contains 
both reducing and non-reducing sugars, and that the presence of 
fructose and sucrose is highly probable. Moreover, it is safe to 
conclude that the presence of pentose and mannose molecules 
is excluded, since no characteristic reactions could be found, as 
above mentioned. 
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Isolation of siicTose. 


When the s>Tup was left untouched for about twenty-four hours, fine 
crystals were abundantly formed in it. A small amount of 95 per cent 
alcohol was then added to the sj-rup, the mixture was filtered and the pre- 
cipitate washed with absolute alcohol and ether. The sugar thus obtained 
was recrystallized from alcohol. After drying in a vacuum over sulphuric 
acid the purified sugar was about 2 gm. in weight. 

0.6439 gm. of the sugar was dissolved in water, made up to 25 cc., and 
polarized in a 200 mm. tube, in a Schmidt and Haensch half shadow 
polariscope. A dextrorotation of 9.9 on the scale was obsen'ed. The 
specific rotary power is 


Wd 


9.9 X 0.346 X 25 
0.6439 X 2 


+ 66.5 (at 20°). 


The specific rotarj’^ power indicates that the sugar under ex- 
amination is sucrose. 


Phenylosazone tests. 

The mother liquor filtered from the sucrose crj’-stals was con- 
centrated again into a sjrrup, but it did not show anj-- sign of 
forming new crystals, even after one week’s standing. An attempt 
was then made to separate and detect the sugars as phenyl- 
osazones. 

1 gm. of the syrup, 2 gm. of phenylhydrazine hydrochloride, 3 gm. of 
sodium acetate, and 20 cc. of water were mixed and heated in a boiling water 
bath. After fifteen minutes yellowish crj'stals had been produced. At 
the end of one hour and a half the heat was removed and the crystals were 
examined under the microscope. ?tone of the other forms, besides the 
stellate form of yellow needle-shaped crystals which coincides with that of 
phenylglucosazone was observed. When cooled it was filtered and washed 
with a little water. Upon recrystallization from 60 per cent alcohol and 
drjung over sulphuric acid in a vacuum, the amount was 0.85 gm. ‘The 
melting point was determined and found to be 204°, which coincides with 
that of phenylglucosazone. Consequently, the osazone under examina- 
tion is phenylglucosazone. 

1 gm. of the syrup was dissolved in 20 cc. of water and inverted with 
hydrochloric acid in a boiling water bath for about thirty minutes. After 
it was neutralized with sodium carbonate, 2 gm. of phenylhydrazine 
hydrochloride and 3 gm. of sodium acetate were added and the mixture 
was heated in a boiling water bath, exactly in the same manner as above 
described. After heating for one hour and a half, the crystals were ex- 
amined under the microscope, but they were all uniform and quite identical 
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with those of phenylglucosazone which was obtained in the previous experi- 
ment. When cooled, it was filtered and washed with a little water. The 
yellow crystals thus obtained were recrystallized from dilute alcohol and 
dried over sulphuric acid in a vacuum. The product weighed 1.06 gm., 
and the melting point was found to be 204°. The crystalline form and 
melting point indicated that the osazone obtained was phenylglucosazone 
without admixture of other osazones. 

The osazone test which was made to separate and detect the 
sugars in the syrup thus did not yield results differing from those 
obtained by the qualitative tests, as already described. But, 
as a result of this experiment, the presence of maltose is excluded, 
since maltose if present would have formed an osazone of a melting 
point very similar to that of glucosazone, but easily distinguish- 
able from the latter by its crystalline form. 

SUMMARY, 

1. Sugar of the sweet potato tubers is made up of both reducing 
and* non-reducing sugar. 

2. The reducing sugar consists of both glucose and fructose, 
while the non-reducing sugar is sucrose. 

3. The presence of pentose, galactose, and mannose molecules 
is excluded. The presence of maltose is also excluded. 



ON THE NUCLEIN BASES FOUND IN THE SHOOTS OF 
ARABIA CORDATA. 


Bt K. MIYAKE. 

(From the Chemical Laboralory, College of Agriculiure, Tohohu Imperial 
University, Sapporo, Japan.) 


(Received for publication, April 19, 1915.) 


The present paper is a statement of our study on the chemical 
nature of the nuclein bases found in the shoots of Aralia cordaia, 
or Udo, which are widely consumed in Japan as an article of food. 

A search through the literature concerning Aralia cordaia 
failed to yield any results of special investigations on the nitrog- 
enous constituents of the shoots, beyond a brief article by Takeu- 
chi^ on their general composition and carbohydrate constituents. 
His results are as follows: 


Water 

Crude protein 

Crude fiber 

Ether extract 

Ash 

Total nitrogen 

Protein nitrogen 

Non-protein nitrogen 

Protein 

Dextrose 

Sucrose 

Starch 

Pentosans 

Galactans 

Tannin 


mzsB 

StmSTANCE 

DBT JUTTER 

peretni 

... 94.50 

p^cenl 

... 1.10 

19.97 

... 0.85 

15.38 

... 0.42 

7,67 

. . . 0.55 

9.91 

... 0.18 

3.20 

... 0.11 

2.01 

... 0.05 

1.19 

... 0.69 

12.56 

... 0.24 

4.41 

... 0.07 

1.21 

... 0.12 

2.26 

... 0.41 

7.47 

... 0.03 

0.53 

. . . 0.33 

5.95 


To determine the exact nature of the nuclein bases of the 
Aralia shoots, the following investigation was undertaken. 

* T. Takeuchi : Bulletins of the College of Agriculture, Tokyo, 'V'ii, p. 465. 
1906- OS. 
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15 kg. of the fresh shoots were cut into small slices and thoroughl}’ ex- 
tracted with hot water, and the extract was treated with basic lead acetate. 
The filtrate from the lead compound was decomposed by hydrogen sul- 
phide. The lead sulphide formed was filtered off, the filtrate was then 
neutralized with a little ammonia, and was slowly evaporated over a water 
bath, a little ammonia being added from time to time during evaporation 
to maintain the neutrality of the evaporating fluid. When the whole 
filtrate was concentrated to about a liter, sulphuric acid was added 
until its content reached 5 per cent. To this acidified' fluid phospho- 
tungstic acid was added, and the mixture well shaken. After twenty- 
four hours the precipitate was filtered off, thoroughly washed with 5 per 
cent sulphuric acid, and decomposed by baryta, in the usual manner. 
The barium phosphotungstate formed was filtered off, and the filtrate, 
freed from baryta by carbon dioxide, was again evaporated to a small 
volume. After neutralization with nitric acid, concentrated silver nitrate 
solution was added, and the precipitate formed was collected on a filter. 
The precipitate was then transferred to a beaker, an excess of ammonia 
was added, and it was left to stand for twenty-four hours. The silver com- 
pound formed was decomposed with dilute hydrochloric acid, and filtered. 
When the filtrate was evaporated to a small volume, an excess of ammonia 
was added, and it was left untouched for twenty-four hours. The j'el- 
lowish powder formed was separated, washed, then dissolved in a small 
quantity of water, and a slight excess of saturated picric acid solution was 
added. After twenty-four hours’ standing, beautiful yellow crystals were 
produced. After, drying over sulphuric acid in a vacuum, the product 
weighed about 0.1 gm., and its decomposition point was found to be 189°. 
For the analysis we again dried the crystals in a vacuum at 100° and ob- 
tained the following result: 

0.0623 gm. of substance gave 0.01824 gm. N. 

N 

per cent 

C6H6N60,C6H2(N02)j 0H Calculated: 29.47 

Found: 29.28 

From this result we may conclude that the crystals were guan- 
ine picrate. 

The filtrate from guanine was acidified with hydrochloric acid, and 
evaporated to dryness. The residue was then treated with alcohol to 
remove the hydrochloric acid as much as possible, and dissolved in water. 
When the ammoniacal solution of silver nitrate was added to the solu- 
tion, a white precipitate of silver compounds was produced. The pre- 
cipitate was collected on a filter and transferred to a beaker. After being 
decomposed with hydrochloric acid, the solution was freed from silver 
chloride by filtration and then evaporated to a syrup. The syrup was 
again treated with alcohol to remove the hydrochloric acid, water vas 
added to the syrup, and it was left to stand for twenty-four hours at 40 
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The yellowish powder produced was collected on the filter, washed with 
water, and dried in a vacuum over sulphuric acid. The amount of pow- 
der obtained was too sm^Il to carry out an elementarj* analysis, but it 
gave the well known Weidel's and Strecker’s xanthine reactions. Con- 
sequently there is no doubt that the powder obtained was xanthine. 

The filtrate from the xanthine was left untouched for nearly forty-eight 
hours in a cool place, but it did not show any signs of forming crystals. 
The concentrated picric acid solution was then added to this filtrate, and 
the mixture was left untouched again for about twenty-four hours. Still 
it did not produce even one crystal of picrate. Therefore it is clear that 
the filtrate does not contain either adenine or hypoxanthine. 

SUMJtAET. 

We have tried to separate the nuclein bases of Aralia cordata, 
and proved the presence of guanine and xanthine. Adenine 
and hypoxanthine were not detected. 




A CONTRIBUTION TO THE STUDY OF THE AMINO- 
ACID CONTENT OF THE BLOOD. 

By PAUL GYORGY and EDGARD ZUNZ. 

{From the Institute of Therapeutics, University of Brussels, Brussels.') 

(Received for publication, March 16, 1915.) 

INTHODUCTION. 

In spite of the numerous contributions on this subject, the 
question of the form in which alimentary nitrogen is absorbed 
by the intestine still remains disputed. 

Some authors (Abderhalden and his collaborators’ and one of us’) are 
inclined to regard as indispensable the breaking up of foreign albuminous 
molecules, if not into their final fragments, at least into fragments suffici- 
ently simple to permit the organism to reconstruct its own proteins at 
their expense. Other physiologists, on the contrary, (von Bimge,’ KolU) 
hold rather to the idea that disintegration is not carried far in the intestine. 

Abderhalden and London’ have brought to light the important fact that 
digestive processes permit, by virtue of the successive and combined action 
of the proteoclastic enzymes of the various secretions in the gastro-intes- 
tinal canal, division of proteins almost to their final constituents. In ad- 
dition Abderhalden,’ continuing the experiments of OttoLoewi’andof Hen- 
riques and Hansen,’ has shown, in collaboration with Rona, Oppler, and 


‘ E. Abderhalden; Ztschr. f. physiol. Chem., xliv, pp. 17-52, 1905; Lehr- 
buch der physiologischen Chemie, 3d edition, pt. i, Berlin, 1914. 

’ E. Zunz: Rev. de I’Univ. de Bruxelles, viii, pp. 755-770, 1903. 

’ G. V. Bunge: Lehrbuch der Physiologie des Menschen, Leipsic, 1901, 
ii, p. 205. 

’P. Nolf: Jour, de physiol, et de path. g£n., ix, pp. 925-938 and 957-968, 
1907. 

’Abderhalden: loc.cii. E.S. London: Physiologische und pathologische 
Chymologie, Leipsic, 1913. 

‘Abderhalden: loc. cit. 3. Effront: Les catalyseurs hiochimiques dans 
la vie et dans I’industrie, Paris, 1914. 

’ O. Loewi: Arch./, exper. Path. u. Pharmahol., xlviii, pp. 303-330, 1902. 

’ V. Henriques and C. Hansen: Ztschr. f. physiol. Chem., xliii, pp. 417- 
446, 1904-05. 
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other workers, ” that it is easily possible to nourish dogs by means of the 
advanced products of the disintegration of albuminous material. 

On the other hand, Nolf and Honors, as well as one of us,“ have ob- 
served, that with an equal nitrogen content, the average coefScient of 
nitrogen absorption in the small intestine, isolated in silu in the dog, is 
less for solutions of substances free from biuret than for those of proteoses. 
However, if one takes account of the transformations undergone by the 
splitting products of the proteins in the digestive tube, and of the numer- 
ous factors which intervene in the phenomena of absorption,' these experi- 
ments do not conclusively demonstrate a more rapid intestinal absorption 
of proteoses than of substances free frpm biuret. Several months ago Mes- 
serli^* compared, in a dog with n Thiry-Vella fistula, the rapidity of intesti- 
nal absorption of several solutions. This author did not discover any 
appreciable difference in. this respect between the first products of disin- 
tegration of albuminous substances (peptones) and ereptone (biuret-free) ; 
on the contrary, casein completely hydrolyzed was most slowly absorbed. 
Messerli concluded that it is by no means indispensable that proteins must 
be completely transformed in the intestines into their ultimate crystalline 
derivatives, and that a large part of the nitrogen of the food may be ab- 
sorbed by the intestinal mucosa in the form of proteoses or peptones. 

It is certain that in active digestion, the biuret-free substances 
predominate in the intestine.*^ This does not, however, teach us 
either the form in which the protein nitrogen of the food is ab- 
sorbed, or the place in which the consecutive synthesis of the 
spilt products of the albuminous material occurs, — digestive ca- 
nal itself, intestinal mucosa, circulating blood, tissues, or organs. 

Within the past few years, most authors, basing their ideas on the work 
of Hofmeister,” Glaessner,'* Kurajeff,^® and Grossmann,'’ and on the in- 
conclusive results of the study of the incoagulable biuret-free substances 
and other derivatives of the proteins in the circulating blood*® located the 

® Numerous studies in Ztschr. f. physiol. Chem., since 1904. 

P. Nolf and C. Honor6: Arch, internal, de physiol., ii, pp. 85-115, 
1904-05. 

•** Zunz: MSm. de I’Acad. roy. de m6d. de Belg., xx, pt. i, pp. 1-65, 1908. 

*® H. Messerli: Biochem. Ztschr., liv, pp. 446-473, 1913. 

’■® London: in C. Oppenheimers Handb. d. Biochem., Supplement, Jena. 
1913, pp. 404-432. 

*^ F. Hofmeister :Zfsc/ir./. physiol. Chem., vi, p. 69, 1882; Biol. Centralbl., 
ii, p. 63, 1882-83. 

K. Glaessner: Beitr. z. chem. Phys. u. Path., i, pp. 328-338, 1901- 

*® D. Kurajeff : ibid., iv, pp. 476-485, 1904. 

J. Grossmann: ibid., vi, pp. 192-205, 1905. 

The history of this question is well given in the work of H. Hoblwcg 
and H. Meyer: Beitr. z. chem. Phys. u. Path., xi, pp. 381^03, 1908. 
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syathesis of proteins in the gastro-intestinal mucosa. Abderhalden has 
ventured the opinion that the amino-acids, absorbed by the gastxo-intes- 
tinal mucosa, were either directlj’' synthesized in the intestinal wall to 
the specific proteins of the organism, or -utilized immediately in other 
ways. But in support of this theory the eminent phj-siologist of Halle 
brings forth only presumptions, supported by the non-appearance of 
amino-acids in the blood during digestion, a negative finding, due, as is 
now shown, to the insufficiency of the methods in use at that time. All 
positive proof is lacking. Abderhalden and London'* have not shown an 
increase in albumin in the intestinal wall during digestion. Rona*° did 
not observe any formation of proteins from amino-acids in surviving in- 
testine. Folin and Denis" have not found an augmentation in the ammonia 
content of the portal vein indicating an immediate deamination of the 
proteins of the food. 

Nevertheless, previous to these later experiments, the presence of amino- 
acids in the blood under normal" or experimental conditions" had been 
shown. Bingel" isolated glycocoll from ox blood, probably originating not 
from intestinal absorption, but from cellular metabolism. Abderhalden" 
has, as a matter of fact, finall 3 ’- demonstrated the presence of glj'cocoll, 
arginine, Ij’sine, histidine, proline, leucine, valine, aspartic acid, and glu- 
tamic acid in the normal blood of the ox or horse. By means of the method 
of vital dialysis, Abel" has accomplished the same result with the dog. 

We now come to the question concerning the influence which digestion 
exerts on the level of the amino-nitrogen content of the blood. The in- 
crease of residual nitrogen shown under these circumstances" renders prob- 
able an increase in amino-nitrogen during the digestive process. Further- 
more, Hohlweg and Meyer have studied the nitrogen not precipitated bj' 
tannin, nitrogen which corresponds closely to the nitrogen of amino-acids. 
These authors found, after a fast of seven days, 1 to 9 mg. (average 6.4) 
of nitrogen non-precipitable bj^ tannin per 100 cc. of dog blood. This 
value reached 7 to 20 mg. (average 13 mg.) from two to seven hours 


'’Abderhalden and London: Ztschr. f. physiol. Chem., Ixv, pp. 251-255, 
1910. 

” P. Rona: Biochem. Ztschr., xlvi, pp. 307-316, 1912. 

" 0. Folin and W. Denis: this Journal, xi, pp. 161-167, 1912. 

" W. H. Howell: Am. Jour. Physiol., xvii, pp. 273-279, 1906-07. 

" E. Abderhalden, A. Gigon, and E. S. London : Ztschr. f. physiol. 
Chem., liii, pp. 113-118, 1907. 

" A. Bingel : ibid., Ivii, pp. 382-388, 1908. 

"Abderhalden: ibid., l.xxxv'iii, pp. 478-483, 1913. 

" J. J. Abel, L. G. Rowntree, and B. B. Turner; Jour. Pharmacol, and 
Expcr. Therap., v, pp. 275-316, 1913-14. 

" G. V. Bergmann and L. Langstein: Beitr. z. chem. Phys. u. Path., vi, 
p. 27, 1901. E. P. Cathcart and J. B. Leathes: Jour. Physiol., xxxiii, pp. 
462-475, 1905-06. H. Pringle and W. Cramer; ibid., xxxvii, pp. 158-164, 
1908. Hohlweg and Mej'er; loc. cit. 
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after ingestion of horse meat. This variety of nitrogen is present then, 
during digestion, in quantities about double those seen in the same animal 
during fasting. The values for nitrogen not precipitated by tannin ob- 
served during fasting and during digestion correspond very closely, as 
will be shown, to those obtained under the same conditions by the modern 
methods for determination for amino-acids, all being naturally a trifle 
higher. The ingenious method of Folin and Denis” for determination of 
residual nitrogen has permitted these authors to show .an increase in tliis 
form of nitrogen, bearing chieflj' on the amino-acids, either during normal 
digestion or after injection of amino-acids into the stomach or intestines, 
ligated at the two ends.-“ 

The work to which we have alluded furnishes us with onlj' indirect pre- 
sumptive evidence of an increase in the amino-nitrogen content of the 
blood during digestion. The interesting reseJirches of Abderhalden and 
Lampd’® have already brought a more direct proof. According to these 
authors, the substances reacting with ninh 3 'drin (and thej' are primarily 
amino-acids) increase markedly in the blood during digestion, and may not 
be, under certain experimental conditions, found at other times. 

Delaunay®* was the first to determine the amino-nitrogen of the blood 
in an accurate quantitative manner. B 3 ’’ means- of the formol method of 
Sorensen, this author has est.ablished the following findings: (1) the blood 
and all tissues and organs contain in all of a series of animals appreciable 
quantities of amino-nitrogen; (2) during digestion of a meal rich in proteins 
the amino-acid content of the blood increases markedl 3 '; (3) this increase 
is more marked in the portal vein than in arterial blood, and especially 
more than in venous blood. Based on these experiments Delaunay 1ms, 
since 1910, viewed an absorption of amino-acids b 3 ’^ various tissues and 
organs as a regulatory mechanism of the amino-acid content of the blood, 
a mechanism in which the liver pla 3 'S the principal part. Van Sl 3 ’ke and 
Meyer have, in addition, given experimental proof of the truth of (be 
views brought forth by Delaunay. Abderhalden has recentb' defended 
ideas quite analogous to those of the distinguished savant of Bordeaux. 

Van Slyke and Meyer’® have u.scd in their researches the gasometrie 
method proposed by the first named. They have demonstrated the con- 
stancy of the amino-nitrogen content of the blood of the dog, which re- 
mains the same on several da 3 's of fasting. Either after ingestion of food, 
or after intravenous or intra-intest iiial introduction of amino-acids the 


Folin and Denis: loc. cit., pp. 527-536. 

Folin andDenis: this Journal, xii, pp. 141-162, 1912. O. Folin and II. 
Lyman: ibid.,pp. 259-264, 1912. 

” E. Abderhalden and A. E. Lampc: Zlsrhr. f. physiol. Chem., Ixxxi, 
pp. 473-507, 1912. 

31 jj_ Delaunay: Thhsc de Bordeaux, 1910; Compl. rend. Soc.de htol., Ixxit , 
pp. 767-769, 1913. 

3® D. D. Van Slyke and G. M. Meyer: this Journal, xii, pp. 399 410. 
1912. 
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amino-nitrogen content of the blood is markedly increased. This increase 
is practically the same in arterial or venous peripheral blood — which is not 
in accord with the findings of Delaunay. The American authors have, how- 
ever, as has Delaunaj', observed during the digestive period an amino- 
nitrogen content greater in the portal vein and its ramifications than that 
of the peripheral arterial and venous system. 

Costantino” has verified, by the method of Sorensen, the principal re- 
sults of the important researches of Van Slyke and Meyer. Cosfantino 
has in addition studied the partition of amino-nitrogen between the plasma 
and corpuscles. During fasting the content of the corpuscles in amino- 
nitrogen corresponds to that of the plasma. During digestion the amino- 
nitrogen content of the corpuscles increases considerably, that of the 
plasma little or not at all. It may therefore be concluded that the cells 
are very permeable to amino-acids.’* 

There remain to be cited the communications of Dobrowolsfcaja” and of 
Wolkow.’® These authors have employed the method of Sorensen. They 
have thus shown, in London’s laboratory, the increase in amino-nitrogen 
content of the blood of the dog, especiallj- in the portal circulation, during 
digestion of a meal rich in proteins. Dobrowolskaja has, furthermore, 
found an increase of the free amino-nitrogen in the urine of dogs receiv- 
ing food to which glycocoll or other amino-acids are added. 

In the numerous researches, the results of which we have sum- 
marized, but little attention has been paid to an important fac- 
tor; i.e., the influence of bleeding. Up to the present no one has 
used the gasometric method of Van Slyke to study the partition 
of amino-nitrogen between the corpuscles and plasma of the dog, 
either fasting or having received several hours previousl3' a meal 
with a heavy or light protein content. 

In \dew of the great interest presented bj’ these questions, not 
only in regard to the gastro-intestinal absorption of the proteins, 
but also for the intimate cellular metabolism, it has appeared use- 
ful to us to introduce several experiments on this point.®' We 
believe the gasometric method of Van Sl3^ke to be preferable to 
the formol method of Sfirensen.®’ We shall not enter here into a 

” .A.Costantino: Biochem.Ztscfir.,li,pp.91-9B,1913; Iv, pp. 402-410, 1913. 

” Costantino: ibj'd., Iv, pp. 411-419, 1913. 

“ N. A. Dobrowolskaja: ibid., Ivi, pp. 267-290, 1913; ZLschr. f. physiol. 
Chem., l.x.vcvii, pp. 325-334, 1913. 

“ A. D. IVolkow: ibid., I.'cccvii, pp. 334-337, 1913. 

” The results of these e.vperiments have been summarized in a prelimi- 
nar 3 ’ communication which appeared in the Compl. rend. Soc. de Biol., 
lx.Kvi, pp. 437-439, 1914. 

” Zunz; Internal. Beitr. z. Path. «. Therap. d. Ernahrungsst, ii, pp. 370 - 
412, 1911; v, pp. 1-25, 1913. 
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critical examination of the advantages and disadvantages or in- 
conveniences of these two ingenious experimental methods. It 
will suffice to add that, following the final perfections added by 
Van Slyke to his procedure, the sources of error of that method 
are reduced in great measure, and one may attain, after having 
acquired the necessary familiarity with the various manipulations, 
results with trulj'' remarkable concordance, without requiring, as 
previously, a large number of determinations on each sample. 

TECHNIQUE. 

We used dogs weighing from 7 to 10 Idlos, after twenty-four 
hours’ fasting, but, as is essential, having received water to drink 
freel 3 ^ Usually the blood was taken from the carotid with a 
paraffined cannula. It was received in a vessel containing a pro- 
portion of 1 per cent sodium oxalate such that 100 cc. of total 
fluid contained 10 cc. of sodium oxalate solution. The oxalate 
content of the blood was thus one per thousand. The oxalate 
was prepared in 0.6 per cent salt solution, in order to prevent 
hemolysis by anisotonicity. 

A part of each sample of blood was taken to determine, by means 
of the hematocritc of Kottmann, the relative volume of plasma and 
corpuscles. 

The remainder was divided into two portions, one of which was 
submitted to prolonged centrifugalization (two hours at 2000 
revolutions). There were then added, according to the method 
indicated by Van Slyke and Meyer,'*® nine volumes of 95 per cent 
alcohol to one volume of plasma of the centrifugalized portion or 
to one part of whole blood as withdrawn. 40 to 50 cc. of whole 
blood or of plasma were always used. 

Thus two alcoholic solutions were obtained, the first repre- 
senting the plasma, and the second the whole blood. The vol- 
ume reached 400 to 500 cc. at the maximum. After standing 
twenty-four hours each of the mixtures was separated by filtra- 
tion or centrifugalization into an alcoholic solution and precipi- 
tate. The solution was warmed in a water bath at a temperature 
not over 30 to 40°, until reduced to a small volume (about 5 cc.). 
To each of the residues was added a quantity of urease correspond- 


Van Slyke and Meyer: loc. cit. 
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ing to 1 cc. of the solution to 10 cc. of original blood, usually 4 
to 5 cc., in addition to toluene.^® 

After twelve to fifteen hours’ standing at room temperatm-e, the 
residue, with the addition of urease and toluene, was treated by the 
method of Folin, in order to free it from ammonia, either pre- 
formed or from urea. Care was taken not to add kerosene or 
any other analogous liquid. Loss by bubbling was avoided by 
using very high wash bottles and passing through the current of 
air veiy gently. Under these conditions, to be sure of driving off 
all ammonia the current of air must be passed through for at 
least eight hours. 

A known volume of each of the liquids treated by the method 
of Folin was taken, filtered, and the aliphatic amino-nitrogen 
content of the filtrate determined according to the gasometric 
method of Van Slyke, employing the micro-apparatus recently 
described by that author.'^ 

We have not removed the lipoids from the alcoholic filtrates 
obtained from the whole blood or plasma. We have been able 
to convince ourselves that the presence of lipoids is not a source 
of error in the gasometric determination of amino-nitrogen, as 
Van Slyke has already shown. 

We shall have occasion, in the course of the description of our 
e.vperiments, to mention again several points in our technique. 

EXPERIMENTS. 

Preliminary considerations. To study the variations in the 
amino-nitrogen content of the blood during digestive processes 
one must be able to compare the values obtained under these 
circumstances with normal values. There are, however, not 
many contributions on this point. Therefore, in connection with 

The solution of urease was prepared according to the method of E. 
K. Marshall, Jr., (this Journal, .Tdv,.pp. 283-290, 1913). 10 gm. of powdered 
Soya hispida were emulsified in 100 cc. of water. This was allowed to stand 
for several hours, taking care to shake it at several intervals. 10 cc. of 
TO HCl were added. A precipitate was thus formed, from which the super- 
natant fluid was obtained by immediate filtration. This filtrate constituted 
the solution of urease which served to transform the urea into ammonia. 
This solution added to toluene keeps well in the ice box for several days. 

" Van Slyke: this Journal, xvi, pp. 121-124, 1913-14. 
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each experiment, the amino-acid content of the blood in the nor- 
mal condition must be determined. 

To this end we have proceeded in the following way: The dog 
was kept fasting for twenty-four hours, alwa 3 ’^s being allowed to 
drink water freely. Blood was taken, and after three and one- 
half to four hours a second bleeding was done. After the first 
bleeding the animal received, per kilo of body weight, 25 grams 
either of uncooked beef, or of potatoes. Lean meat was used, 
freed as much as possible from fascia, tendons, and all non-mus- 
cular elements. With water a homogeneous purde of potatoes 
was prepared, which the dogs ate eagerly. 

Each animal was bled at two intervals, a period of three and 
one-half to four hours intervening. A second factor must, in 
consequence, be considered, — ^the influence of the first bleeding. 
Wolkow and Delaunay claim to have found no such effect. Wol- 
kow operated on dogs weighing 20 to 30 kilos; that is, two to six 
times the weight of the animals placed at our disposal. In addi- 
tion, in order better to assure the accuracy of our results we have, 
as a rule, taken 100 to 125 cc, of blood from the carotid at the 
first bleeding (sometimes only 50 to 60 cc,, exceptionally 165 cc.) 
from dogs of from 5.5 to 12 kilos. It was then indispensable to 
begin by assuring ourselves that under such circumstances the 
bleeding did not cause modifications in the content of amino-acid 
of the blood taken three and one-half to four hours later. 

To facilitate the exposition of our results Ave shall divide our 
experiments into three groups concerning the influence (1) of 
bleeding, (2) of a meal of potatoes, (3) of a meal of meat, on 
the amino-nitrogen content of whole carotid blood, plasma, and 
corpuscles. 

First series of experiments. 

Influence of bleeding on the amino-nitrogen content of the blood. 

Table I illustrates the results of five experiments carried out with 
the purpose of determining the influence of a preliminary bleeding 
on the amino-nitrogen content of carotid blood, plasma, and cor- 
puscles. Between the two bleedings the dogs were allowed to 
drink water freely. 

It is to be remarked that Dog D was unfortunately not under 
entirely normal conditions. The animal showed, after the second 
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bleeding, a marked state of Aveakncss, and was found dead the 
following morning. The blood contained only 24.5 per cent of 
corpuscles at the first bleeding and even less at the second, 19.5 
per cent. The values found in this animal can be accepted only 
Avith certain reservations for the content of amino-nitrogen of the 
plasma and corpuscles at the first, and especially at the second 
bleeding. 

One must discard Dog E as far as the absolute values for 
amino-nitrogen at the two consecutive bleedings are concerned, 
since the values'obtained are much lower than those found not 
onfy in Dogs A and D, but also in the two other series. It seems 
to indicate, in that animal^ a pathological state of hypoamino- 
acidemia. 

Excluding this experiment, one is struck with the remarkable 
concordance presented by the results on the content not only of 
the whole blood, but also of the plasma and cells of dogs after 
twenty-four hours’ fasting. The plasma shows a content of 
amino-nitrogen less than that of the whole blood, and especially 
than that of the corpuscles. We shall have occasion later to 
return to these points. 

For the moment we shall concern ourselves only with the influ- 
ence of bleeding. Table I shows in the most complete way that 
the removal of 120 cc. of blood from the carotid suffices to cause 
three and one-half to four hours later an increase of 18.37 to 55 
per cent (average 33 per cent) in the amino-acid content of the 
blood. This fact is verified by Dog E in the state of hypoamino- 
acidemia. 

The increase in amino-acids following a preliminary bleeding 
is manifested especiallj’- in the plasma. 

The results are not concordant as far as the corpuscles are 
concerned. In Dog A the amino-nitrogen content of the cor- 
puscles increases, though less in proportion than that of the 
plasma, after the first bleeding. On the contrary, in Dog B 
there is a slight diminution in the amino-nitrogen content of the 
corpuscles. In Dog D this diminution is markedly noticeable. 
It is true that in the last case we have an animal already anemic 
before the first bleeding. This bleeding, relatively large, since 
it corresponded to 2.65 per cent of the animal’s weight, caused 
a state in which a fatal issue occurred at the end of .several 
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hours after the second bleeding, following difficulty in blood 
regeneration. 

In order to see whether the sudden removal, at the first bleeding, 
of a relatively large proportion of the blood volume did not enter, 
on accormt of the sudden fall in pressure thus brought about in 
the circulatorj’- system, into the phenomena^ which manifest 
themselves by an increase in the amino-nitrogen content of the 
blood, we have in seven experiments injected into the jugular the 
same quantity of Ringer’s solution, previously warmed to 37°, as 
the quantity of blood removed at the first bleeding. The intra- 
venous injection was done at the same moment as the bleeding. 

Table II demonstrates that the preceding hj-pothesis is justi- 
fied in a certain measure, as it may be seen that four hours after 
the intravenous injection of Ringer’s solution simultaneously with 
the first bleeding, in five out of seven experiments a diminution 
in the amino-nitrogen content of the blood occurs in place of the 
increase otherwise found. In one case the amino-acid content 
of the whole blood did not vary. In one case it increased slightly, 
in spite of the injection of Ringer’s solution. 

In the plasma the amino-nitrogen content diminished in one 
case, did not change in one other, and in the last two increased, 
just as when bleeding was done without concomitant intravenous 
injection of Ringer’s solution. This increase is nevertheless less 
pronounced than in the latter cases. 

Whether one injects Ringer’s solution or not into the jugular 
during the first bleeding, the content of the corpuscles in amino- 
nitrogen is for the most part diminished four hours after that 
bleeding, but now and then undergoes an increase (Table II). 

Second series of experiments. 

Influence of a meal of potatoes on the amino-nitrogen content of 

the blood. 

Table III shows a r&um6 of the results obtained in six experi- 
ments in which the dogs received puree of potatoes. The time 
after the meal at which the blood was taken from the carotid was 
always four hours. In Dogs Q and R bleeding before the menl 
was avoided, with the purpose of excluding the influence of hemor- 
rhage on the digestive processes. 
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An increase in the amino-nitrogen content of the blood after 
ingestion of potatoes is seen only in the three dogs M, 0, andP. 
However, these three animals had undergone a preliminaiy bleed- 
ing, arid the absolute values and those relative to the increase in 
amino-nitrogen content- of the blood are entirely analogous to 
those observed at the time of the second bleeding in Dogs A and 
D, which remained fasting during the three and one-half to four 
hours between the two bleedings. 

In Dog P the increase in the amino-nitrogen content of the 
blood is only effected in the plasma, and the content of the cor- 
puscles in amino-nitrogen is diminished, just as we have seen at 
the second bleeding in Dogs B and D, fasting between the two 
bleedings. 

In the absence of any preliminaiy bleeding the amino-nitrogen 
content of the whole blood, of plasma, and of corpuscles of Dogs 
Q and R, having eaten of puree of potatoes, corresponds to the 
values found in fasting animals which have not undergone any 
other bleeding. 

In Dog N, in spite of the preliminaiy bleeding and in spite of 
the meal, the carotid blood presents nearly the same amino- 
nitrogen content at the two bleedings. 

From all the values given in Tables I and III and their com- 
parison it may be clearl}'- seen that the ingestion of purde of po- 
tatoes did not exert any influence on the amino-nitrogen content 
of the blood of the dogs examined. 

Third series of experiments. 

Influence of a meal of meat on the amino-nitrogen content of 

the blood. 

It is entirely different in the case of ingestion of meat, as is 
shown by the figures in Table IV. Of six animals used in this 
series of experiments, three (Dogs S, T, and U) have undergone 
a preliminaiy bleeding immediately before the meal. This con- 
sisted of 25 grams of raw beef per kilo of animal. Four hours 
after the meal the blood was taken from the carotids of the six 
animals. In addition, in three of them (Dogs T, U, and V) 50 
cc. of blood w'ere taken from the jugular at the same time. 
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Four hours after ingestion of meat the carotid blood shows a 
notable increase in its amino-nitrogen content, whether or not 
the animal was bled before the meal. This increase is far superior 
to that brought about by bleeding. This is an influence actually 
exerted by digestion of proteins on the amino-nitrogen content of 
carotid blood. It is well to call attention to the remarkable con- 
stancy presented by the amino-nitrogen content of carotid blood 
taken from dogs in active digestion of a meal rich in proteins. 
In place of values of 4 to 5 mg. per 100 cc. of blood found in 
fasting, there is seen four hours after ingestion of meat 10 to J 2 
mg. or two to three times as much. 

On the other hand, the venous blood taken at the same time as 
the carotid in dogs during digestion of meat has an amino-nitrogen 
content (6.7 to 8.5 mg. per 100 cc.) intermediary between that 
of the carotid blood at the same time and during fastiUg. The 
content of venous blood represents, four hours after ingestion of 
meat, 54.03 to 76.47 per cent of the carotid blood at thesame 
moment. 

These two facts (constancy of amino-nitrogen content of blood, 
and diminished content of venous blood in that variety of nitrogen) 
call attention to the probability of a regulatory mechanism ex- 
cited during digestion in such a way as to prevent the presence 
of an excess of amino-acids in the circulating blood, while per- 
mitting the various tissues and organs to secure the final frag- 
ments of the albuminous molecules necessary to the rebuilding of 
their own proteins. 

The increase in the amino-nitrogen content of the blood during 
digestion of a meal rich in proteins depends as much on the plasma 
as on the corpuscles. It occurs at times in the plasma alone 
(Dog T), at other times only in the corpuscles (Dog S). 

If one recalls the differences presented by the two forms of 
food used, meat and potatoes, one should not be surprised by 
the findings in the animals from which blood was taken during 
digestion of one or the other meal. According to Konig,'*- pota- 
toes contain on the average 1.99 per cent of their weight in the 
form of nitrogenous substances, against 20.5 per cent for lean 

<2 J. Konig: Die men&chUchen Nahnings-und Gcmissmillcl, 4th edition, 
Berlin, 1904, ii, p. 466 ff., p. 892 ff. 
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beef. Although the nitrogen of meat is almost entirely of protein 
nature, potatoes contain about 45 per cent of their nitrogen in 
the form of asparagin, amino-acids, and other products. 

Partition of amino^itrogen between plasma and corpusdes in mrious 
experimental conditions. 

Based on the results given by Kottmann’s hematocrite and on 
the values for amino-nitrogen found in plasma and in whole blood, 
one may calculate in an approximate way the partition of amino- 
nitrogen between plasma and corpuscles. Table V shows values 
thus calculated for all animals in which the plasma content of 
amino-nitrogen at both bleedings has been determined, with the 
exception of Dog D. 

Comparison of resiiUo obtained under various experimental 
conditions. 

It has appeared useful to us to summarize in Table the re- 
sults from the dogs examined under various experimental condi- 
tions. We have not included in this table the figures for parti- 
tion of amino-nitrogen between the corpuscles and plasma of 
Dog D, nor the figures of Dog E for total blood, since these ani- 
mals were, as we have shown, under pathological conditions. 

Table VII shows, in addition, the results tabulated in Table 
V, which are all relative to carotid blood. 

In spite of several gaps, unfilled berause of the insufficient 
number of animals examined. Tables VI and VII bring out clearly 
the following facts. 

1. During fasting and in the normal state, blood taken from 
the carotid has a remarkable constancy in amino-nitrogen con- 
tent. This content is from 4 to 5 mg. per 100 cc. This con- 
stancy is also seen for corpuscles and plasma separately consid- 
ered. The amino-nitrogen content of the corpuscles exceeds that 
of the plasma. 

2. A relatively copious bleeding is followed three and one-half 
to four hours later by an increase in the amino-nitrogen content 
of whole blood and of corpuscles. This increase corresponds on 
the average to 38.1 per cent of the original value for whole blood. 
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3. If an intravenous administration of Ringers solution be 
given simultaneously uith the bleeding, the effects of the latter 
on the amino-nitrogen content of the blood are prevented in the 
majority of cases, and a slight diminution in amino-nitrogen con- 
tent may be seen. 

4. Ingestion of puree of potatoes does not exert an appreciable 
influence on the amino-nitrogen content of the blood. 

5. Ingestion of meat increases considerablj^ the amino-nitrogen 
content of the carotid blood and to a lesser degree that of the 
jugular. Increase of amino-nitrogen content is greater in the 
corpuscles than in the plasma of the same carotid blood. 

6. The increase in blood amino-nitrogen appears slightly greater 
in dogs which have been bled before the meat was eaten. At 
least the average amino-nitrogen content of whole blood, whether 
carotid or venous, taken four hours after meat ingestion, and 
that of the corpuscles of carotid blood, exceeds the values ob- 
tained in animals not bled before feeding. 

7. The increase in amino-nitrogen content four hours after 
ingestion of meat occms in both the plasma and corpuscles. 

8. The amino-nitrogen content of blood taken from the carotid 
four hours after ingestion of meat presents a remarkable con- 
stancy. It varies between 10 and 12 mg. per 100 cc. of blood 
and represents more than double the amino-nitrogen content dur- 
ing fasting. The increase thus obtained corresponds on the av- 
erage to 134.78 per cent of the original value for the dogs not 
bled before ingestion of meat, and 158.7 per cent for animals bled 
before the meal, or 147.83 per cent for aU dogs which received meat 
to eat. 

Of course nothing permits us to extend the preceding facts to 
other species of animals. Even for the dog they apply to the in- 
fluence of bleeding and of the digestive processes only, in the state 
existing four hours after the meal. There is need for firrther in- 
vestigations at various inten^als either after bleeding or after a 
meal rich or poor in proteins. 

It is necessary finally to remember that the estimation of amino- 
nitrogen was not made directly except on whole blood and plasma. 
The values indicated for corpuscles were calculated from these 
figures and on the determination of the relative volume of cor- 
puscles and plasma by means of the hematocrite. Perhaps val- 
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ues determined directly on plasma and corpuscles would not be 
exactly the same. 

Hirudin plasma of the dog, taken during fasting, has an amino- 
nitrogen content analogous to that for oxalated plasma. In 
three experiments 100 cc. of hirudin plasma contained respectively 
1.4, 2.0, and 2.1 mg. of amino-nitrogen. 

GENERAL CONSIDERATIONS. 

Many facts of interest appear to us to result from the researches 
here described. The amino-nitrogen of arterial blood is prac- 
tically constant in dogs kept fasting for twenty-four hours. In 
our experiment it was 4 to 5 mg. per 100 cc. of blood, with the 
exception of Dog E. In this case it was in all probability a patho- 
logical condition. Under the same experimental conditions and 
by the same method of study, Van Slyke and Meyer have found 
3.2 to 5.4 mg. of amino-nitrogen per 100 cc, of arterial blood. 
The results of the experiments of Costantino with the formol 
method of Sorensen agree closely with those of Van Slyke and 
Meyer and with ours. 

The organism tends to maintain the concentration of blood and 
the constancy of the composition of this medium. The regula- 
tory mechanism of the composition of the blood has been the 
object of many studies, among which it will suflBce to mention 
those of Leathes,^^ Achard and Loeper,^^ Asher, and Terroinc.^® 

The amino-nitrogen of the blood tends, in the normal dog, to 
remain at a constant level except during periods of digestion. 
Delaunay^^ first showed that various tissues contain determinable 
quantities of amino-nitrogen. The important work of Van Slyke 
and MeyeU® confirms this point. They showed, furthermore, 
that the tissues take from the blood amino-acids when the latter 

J. B. Loathes: Jour. Physiol., xix, pp. 1-14, 1895-96. ^ 

** C. Achard and M. Loeper: Compt. rend. Soc. de biol., liv, pp. 337-338, 
1902. Loeper: Mdcanisme r^gulateur de la composition du sang, Thbse de 
Paris, 1903. 

it. Asher ; Der physiologische Stoffaustausch zwischen Blut und Gewehen, 
Jena, 1909. 

E. F. Terroine: Compt. rend. Soc. de biol., Ixxvi, pp. 523-526, 1914. 

Delaunay: loc. cit. 

Van Slyke and Meyer: this Journal, xvi, pp. 197-212, 1913-14. 
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exceed the normal concentration. The muscles and various or- 
gans appeared to possess a maximum capacity for absorption 
of amino-acids, less marked in the muscles than in the liver, 
kidneys, and intestines. The liver was shown to destroy rapidly 
the excess of amino-acids, probably by the process of deamina- 
tion, with the formation of urea.*® Perhaps the liver also inter- 
venes in another way. In any case, as Miinzer and Winterberg®® 
had already maintained in 1894, the liver seems to be the prin- 
cipal location of catabolism of the derivatives of proteins not 
utilized in tissue formation. 

Comparing the amino-nitrogen content of the muscles, liver, 
kidneys, spleen, and intestines of dogs sacrificed five hours to 
twelve days after the last meal. Van Slyke and Meyer found 
either no appreciable difference in the values or a tendency to 
their increase during fasting.®' One is thus forced to admit, with 
these authors, that the amino-acids constitute an intermetfiary 
phase not only in the synthesis of proteins of each tissue, but also 
in their breaking down. During fasting the amino-acids of the 
blood come without doubt from the internal metabolism of the 
cells of the various tissues and organs of the body. 

The constancy of the amino-acid content of the blood in the 
same species of animal is evident also from the experiments of 
Rosenberg®® on the ox and on man. It seems, according to the 
researches of that author and also accordingto those of Delaunay,®® 
that the amino-acid content of the blood varies in different species 
of animals. 

In the dog the plasma and corpuscles present also a remarkable 
constancy in amino-nitrogen values. The plasma holds 2 to 3 
mg. of this nitrogen per 100 cc., the corpuscles 7 to 8 mg. 
Costantino has in addition alread 5 ’' shown that the corpuscles 

'’Van Slyke and Meyer: ibid., xvi, pp. 213-229, 1913-14. This clearly 
explains certain results obtained by Abderhalden, Gigon, and London (loc. 
cit.). 

“ E. Miinzer and H. Winterberg: Arch. f. exper. Path. u. Pharmakol., 
xxxiii, pp. 164-197, 1893-94. 

G. Buglia and A. Costantino: Ztschr. f. physiol. Chem., Ixxxiv, pp. 
243-253, 1913. Van Slyke and Meyer: this Journal, xvi, pp. 231-233, 
1913-14. 

” A. H. Rosenberg: Biochem. Ztschr., bdi, pp. 157-160, 1914. 

“ Delaunay: loc. cit.; Compt. rend. Soc. de biol., Ixxiv, pp. 641-642, 1913. 
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have an amino-nitrogen content higher than that of the plasma. 
In r the fasting dog Costantino and Delaunay have obtained by 
Sorensen’s method values slightly higher than ours for the amino- 
nitrogen content of plasma, 4 to 5 mg, per 100 cc. This seems 
to depend on the difference between the two analytical methods 
used, as one always obtains, under the same conditions, higher 
values for amino-nitrogen by the method of Sorensen than by 
that of Van Slyke.®^ An indirect confirmation of the greater 
content of the corpuscles in amino-nitrogen is found in the com- 
munications of various authors who have studied either the resid- 
ual nitrogen of the blood or the labile and free amino-nitrogen of 
the blood or plasma not freed previously of its proteins.®® 

Various recent contributions, which we can not here discuss 
in detail, seem to show that the amino-acids intervene not only 
in the intracellular metabolism of proteins, but also in that of the 
carbohydrates, and possibly in that of the fats. Lusk®® has attrib- 
uted the increase in metabolism after ingestion of meat to the 
stimulant action 'exerted by catabolic products of the amino-acids 
on cellular protoplasm. This author believed that the excitant 
action of these products plays a considerable part in the metabo- 
lism of the dog at rest or sleeping. He has in a recent article®’ 
abandoned this view. He believes now that the stimulant is 
some other product than amino-acids, since the latter do not 
markedly increase in the tissues during digestion. 

It is very important to establish in a precise way the normal 
amino-nitrogen content of human blood. It is probable that under 
certain conditions a hyper- or hypoaminoacidemia may exist. We 
have given an example of hypoaminoacidemia in Dog E (Table I). 
Gorchkoff, Grigorieff, and Koutoursky®* have established the occur- 
rence of hy'^peraminoacidemia in man during atrophic cirrhosis of 

E. Abderhalden and F. Kramm; Zischr. f. -physiol. Chem., Ixxvii. pp- 
425-434, 1912. Zunz: Bull, de I’ Acad. roy. de m6d. de Belg., series 4, xxvi, 
pp. 282-318, 1912. 

®5P. Brodin: Compt. rend. Soc. dc biol., lx.vvi, pp. 289-291, 1914. C. 
Achard and E. Feuilli6: ibid., Ixxvi, pp. 253-254, 1914. H. Bicrry, R. 
Hazard, and A. Ranc: ibid., Ixxvi, pp. 261-262, 1914, 

G. Lusk: this Journal, xiii, pp. 155-183, 1912-13. 

®^M. B. Wishart: this Journal, xx, p. 538, 1915. 

“M. Gorchkoff, W. Grigorieff, and A. Koutoursky: Compt. rend. Soc. 
de Biol., Ixxvi, pp. 454-457, 1914. 
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the liver with ictenis and in posthemorrhagic anemia. In the first 
case the liver does not carry on suitably its deaminizing function 
and does not transform sufficient^ well into other forms the amino- 
acids in the circulation. As to the h5'peramin'oacidemia of the 
posthemorrhagic condition, it belongs probably to the process of 
regeneration. 

We have established this result of hemorrhage in aU of a series 
of animals four hours after the first bleeding. In general, it does 
not produce any increase in the amino-nitrogen content of the 
blood and on the contrary usually a diminution of one immedi- 
ately follows the first bleeding with an abundant intravenous in- 
jection of Ringer’s solution. The increase in the amino-nitrogen 
content of the blood, after bleeding four hours previously, there- 
fore depends in great part on the sudden lowering of pressure 
thus produced. Regenerative processes, prevented by the con- 
comitant injection of Ringer’s solution, also doubtless inten^ene. 

It has been known for a long time that a copious hemorrhage 
brings about certain modifications in the composition of blood. 
According to Claude Bernard,** von Mering,** Schenk,*^ and 
Rose,** hyperglycenua is observed imder those conditions. Mau- 
riac“ has shown a hypercholesterinemia after large hemorrhages. 

Delaunay and Wolkow have not found any modification in the 
amino-nitrogen content of the blood after bleeding. The differ- 
ences between their results and ours are due without doubt to 
the proportion of blood taken suddenly from the organism. It 
must reach a considerable amount to produce a hyperamino- 
acidemia.*^ 

C. Bernard: Lemons sur le diabete, Paris, 1877. 
von Mcring: Arch.f. Physiol,, pp. 379-415, 1877. 

“F. Schenk; Arch.f. d. ges. Physiol., Ivii, pp. 553-572, 1894. 

“ U. Rose: Arch. f. exper. Path. v. Pharmakol., 1, pp. 15-46, 1903. 
B. Oppler and P. Rona: Biochem. Zlschr., xiii, pp. 121-131, 1908. 

“ P. Mauriac: Compt. rend. Soc. de biol., Ixxiii, pp. 675-677, 1912. 

“ The interesting experiments of Dobrowolskaja, who carried out re- 
peated bleedings in the dog under various conditions, should be mentioned 
here. He has studied the effect of the removal of large quantities of blood 
on the digestive processes, but as he operated under special conditions his 
animals are not, therefore, comparable with ours. (Dobrowolskaja: loc. 
cit.; Biochem. Zlschr., xxxiii, pp. 73-152, 1911.) 
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Viola and Jona‘’“ have shown a considerable diminution in the 
alkalinity of the blood after bleeding. These authors attribute 
this to the invasion of the blood by acid products of metabolism 
of tissues. According to Fuchs“ the metabolism is increased after 
copious bleeding. This author” in addition calls attention to 
the increase, under these circumstances, in the elimination of 
amino-acids in the urine, titrated by the method of Sorensen. 
This hyperaminoaciduiia seems to indicate the same changes 
as hyperaminoacidemia, following an abundant bleeding or 
hemorrhage. 

After bleeding the plasma often presents an increase in ainino- 
acid content greater than that of the corpuscles. These raa}' 
even show a diminution in amino-nitrogen content. Perhaps 
the inconstancj’- of these results is due to modification of the per- 
meability of red cells and leucocytes, brought about by bleeding. 

We now come to the phenomena that occur during digestive 
processes. Our experiments fully confirm the notable increase 
in amino-nitrogen content of blood after a meal rich in proteins, 
already shown by several writers. Without wishing to enter 
here into the problem of the absorption of albuminous sub- 
stances, we niaj’- recall that only lately Abderhalden” admits a 
direct passage, more or less partial, of amino-acids into the blood. 

The few studies which we have made to compare the amino- 
nitrogen content of arterial blood with that of venous blood dem- 
onstrate the retention of amino-acids by the tissues during diges- 
tion. Thus is explained why arterial blood during digestion has 
an amino-nitrogen content greater than venous Ijlood taken at 
the same time. Delaunay has shown the Same fact. On the 
contrary, Costantino and Van Slyke and Meyer have observed 
nearly equal values for amino-acid in the entire peripheral circu- 
lation, even in animals in the midst of the period of digestion. 
It is impossible for the moment to explain this divergence be- 
tween the results of various author’s who have studied this point. 

All those who have studied the amino-nitrogerr content of the 
blood taken from the portal vein during digestion are in accord 

G. Viola and G. Jona: Arch, de ■physiol., xxvii, pp. 37-44, 1895. 

D. Fuchs: Arch. f. d. gcs. Physiol., exxx, p. 156, 1909. 

Fuchs: Ztschr.f. physiol. Chem., Ixix, pp. 483-490, 1910. 

Abderhalden: Lchrhuch dcr physiologischen Chemie. 3d edition, 
pt. i, Berlin, 1914. 
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in finding that the values for amino-nitrogen are greatly increased, 
and that they maj’^ reach double the content of this variety of 
nitrogen in the blood of the vena cava or carotid, already increased 
in comparison vdth normal. 

The differences presented by the amino-nitrogen content of 
the blood in the arterial sj’-stem, the peripheral venous system, 
and the portal vein in the dog diudng active digestion are sup- 
ported by the findings of Van Slyke and iMeyer following intra- 
arterial or intravenous injection of amino-acids. They demon- 
strate, on the one hand, that the various tissues remove a part 
of the amino-acids circulating in the blood, and, on the other 
hand, that the liver retains and transforms these substances. 

As Costantino has already shovm, the increase in the amino- 
nitrogen content after a meal rich in proteins is especially marked 
in the corpuscles. Nevertheless, contrarj- to the opinion of that 
author, the plasma also takes an appreciable part, its amino- 
nitrogen content remaining always less than that of the cor- 
puscles. The permeability of the blood corpuscles, still so little 
understood, certainly intervenes in the explanation of these 
phenomena. 

SXJIQIABY. 

1. In the dog the amino-nitrogen content of whole blood, of 
plasma, and of corpuscles shows under noirnal conditions a re- 
markable constancy, 

2. Copious bleeding brings on an increase in the amino-nitro- 
gen content of the blood. If, at the same time as the bleeding, 
an intravenous injection of Ringer’s solution is given, the amino- 
nitrogen content of the blood tends, on the contrary, in the ma- 
jority of cases to diminish. 

3. The amino-nitrogen content of the blood does not change 
during the process of digestion of a meal poor in proteins (puree 
of potatoes). 

4. During the digestion of a meal rich in proteins (raw beef), 
we observe, in agreement with the authors mentioned above, a 
very marked increase in the amino-acid content of the blood. 
This increase is more marked in the corpuscles than in the plasma. 

5. During digestion of a meal rich in proteins, the content of 
venous blood in amino-nitrogen is lower than that of arterial 
blood. 
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T H E PHOSPHATIDES OF MILK. 
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New Haven.) 

(Received for publication, Alay IJ, 1915.) 

In making the large quantities of protein-free milk required 
for the feeding experiments in progress in this laboratory, oppor- 
tunity has been afforded to make several observations on some 
of the constituents of milk -which are present in very small pro- 
portion. The fact that milk contains all of the nutrients essen- 
tial for growth, and the increasing recognition of the fact that 
other still unkno-mi substances than proteins, fats, carbohydrates, 
and inorganic salts containing iron, calcium, magnesium, potas- 
sium, sodium, phosphorus, sulphur, and chlorine, are necessary 
for normal growth, makes a knowledge of everj’- constituent of 
milk, present in however small amount, a matter of especial 
interest and possible importance. We propose, therefore, to 
record in this series of papers some facts which we have already- 
ascertained and hope to add others in the future, as opportunity 
presents. 

It has frequently been stated that milk contains phosphatides." 
On the other hand, Schlossmann® concluded that the phosphoru."; 

* The expenses of {his investigation were shared by the Connecticut 
-Agricultural Experiment Station and the Carnegie Institution of Wash- 
ington, D. C. 

- Compare N. A. Tolmatscheff: Med. chem. Untersuch., ii, p. 272, IS67. 
J. Stoklasa: Ztschr. f. physiol. Chem., xxiii, p. 343, 1S97. W. Koch 
and H. S. Woods: this Journal, i, p. 203, 1905-06. W. Koch: Ztschr. f. 
physiol. Chem., xlvii, p. 327, 1906. R. Burow: ibid., xxx, p. 495, 1900. 

’ A. Schlossmann: Arch. f. Kinderh., xl, p. 18, 1904. 
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extracted by boiling alcohol arose from the casein and was not 
to be accepted as evidence of the presence of phosphatides in 
milk. Recently Njegovan^ has reached the same conclusion. The 
question of the occurrence of phosphatides in milk has again been 
made the subject of study by Brodrick-Pittard,® who found that 
oven when every precaution has been taken to exclude the pres- 
ence of water during the extraction, an amount of phosphorus 
is dissolved by ether equal to 0.0180 gram of lecithin per 100 re. 
of milk, or about 0.14 per cent of the solids. subsequent 
extraction with chloroform phosphorus equal to 0.013 gram of 
lecithin was obtained, equal to 0.10 per cent more of the solids. 
If, however, the chloroform extraction preceded that with ether 
all of this phosphorus was removed by the chloroform and none 
by the ether. From these facts Brodrick-Pittard concludes that 
“at least two lecithins occur in milk which are distinguished by 
a different solubility in the solvents employed ” 

In all of these investigations no chemical evidence of the nature 
of the substances containing the ether-soluble phosphorus has 
l)een offered, so that the presence of phosphatides is based wholly 
on the assumption that such phosphorus belongs to compounds 
similar to, or identical with, the phosphatides obtained from other 
sources, notably egg-yolk and brain. We thus have no direct 
evidence that milk contains any substance belonging to the group 
of phosphatides. 

From the failure to extract phosphorus from milk solids by 
ti'eatment with dry ether® it is evident that the phosphatides 
are not associated with the glycerides of milk as frequently has 
been assumed. Further evidence of this is furnished by the fact 
that melted butter-fat can be freed from all but extremely minute 
traces of phosphorus and nitrogen by centrifugation at high 
speed. 

Most of the observers to whom reference has been made have 
noted the association of the ether-soluble phosphorus with the 
proteins of the milk and some of them have assumed that this 
phosphorus is present in the form of lecithalbumin. In the fol- 

’ V. Njegovan: Biochem. Ztschr., liv, p. 78, 1913. 

® N. A. Brodrick-Pittard: ibid., Ixvii, p. 382, 1914. 

' Compare Burow: loc. cit. 

'T. B. Osborne and A. J. Wakeman: this Journal, xxi, p. 91, 1915. 
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lowing pages we will show that, as Brodrick-Pittard assumed, 
milk does, in fact, yield two phosphatides, one of which contains 
nitrogen in the ratio of 1 : 1, yields choline containing at least 
one-half of the nitrogen, fatty acids and glycerophosphoric acid 
in proportions corresponding approximateb’- to a stear}d-oleyl- 
lecithin of the structme commonly assumed for this substance. 
This phosphatide consequent!}' to a certain degree resembles the 
tjqjical lecithin of the textbooks, the structure of which, how- 
ever, has been assumed on evidence which makes the generally 
accepted formula seem probable, though by no means certain. 

The other milk phosphatide contains nitrogen and phosphorus 
in the ratio of 2:1, belongs to the group of diaminophosphatides, 
and is apparently similar to, possibly identical with, the diamino- 
phosphatide obtained from egg-yolk,* ox* and horse^° kidnej'S, 
and other animal organs. Since none of these substances has 
been sufficiently studied in respect to its structure, their rela- 
tion.ship cannot yet be determined. These diaminophosphatides 
become insoluble in ether after precipitating with acetone the 
ether solution of the residue obtained by evaporating the alco- 
holic extract; can be crj^stallized from alcohol; are onl}' slightly 
hj'groscopic; do not change color on ex-posure to light and air; 
form snow-white powders with no wax-like properties; are solu- 
ble iu chloroform; and form alcoholic solutions ne tral to litmus, 
which are precipitated b}' lead acetate or cadmium chloride. 
Stem and Thierfelder’s compound melted at 169-170°; our most 
carefully reciystallized fractions as high as 190° (uncorrected), 
or at nearlj' the same temperature as that of the carnaubon de- 
scribed by Dunham and Jacobson; namely, 189°. 

Both the monamino- and the diaminophosphatide which we 
have isolated from milk were obtained from alcoholic extracts 
of the coagulum which results from boiling the milk serum, after 
the casein had been precipitated with ddute hydrochloric acid. 

• M. Stern and H. Thierfelder: Zlschr. f. physiol. Chem., liii, p. 370, 
1907. 

’E. K. Du nham and C. A. Jacobson: ibid., Ixiv, p. 303, 1910.. 

‘“H. MacLean: Biochem. Jour., vi, p. 333, 1911-12. See this paper 
for a discussion of the diaminophosphatides and the pgssibility that the 
phosphatide from the ox kidney may be a diaminophosphatide and not 
a triaminophosphatide. 
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It is probable that we have thus obtained only a part of the 
phosphatides of milk; for if the milk serum is neutralized by milk 
of lime and the resulting precipitate is filtered off, the coagulated 
lactalburain obtained by boil ng the acidified filtrate is free from 
phosphorus. Furthermore, we have evidence that only a part of 
the protein precipitated by lime is coagulated when the serum is 
boiled without such previous neutralization. This point requires 
further investigation. 


EXPERIMENTAL. 

In preparing lactalbumin from about 3000 liters of cow’s milk 
the casein was precipitated by adding 1 per cent hydrochloric 
acid until a sharp separation occurred. After straining out the 
casein on cheese-cloth the somewhat turbid solution was filtered 
through a dense felt of paper pulp. The clear filtrate, which 
showed only a faint opalescence, was then heated rapidly, and, 
after boiling for five minutes, tjie coagulum was filtered out and 
washed with hot water until the washings gave no reaction for 
chlorides or lactose. The coagulum was then freed from most 
of the adhering water by pressing into a solid cake with a hy- 
draulic press. 

This cake was ground with strong alcohol in a Nixtamal mill 
to a fine suspension and digested with alcohol for some days. 
After filtering and pressing, this process was repeated. The press 
cake was then again ground with strong alcohol and heated to 
boiling in a steam jacketed kettle, filtered out, pressed, and this 
treatment repeated until the hot alcohol ceased to leave more 
than a slight quantity of residue when a portion was evaporated. 
The coagulum thus extracted, when air-dried, weighed 12 kilo- 
grams. The volume of the alcoholic extract was about 325 liters 
and, on evaporating a portion, left a residue equal to 184 grams 
in the whole solution, or 1.6 per cent of the coagulum. 

The alcoholic extract was concentrated under diminished pres- 
sure to about one-tenth of its volume, and the concentration 
further continued at a low temperature with additions of absolute 
alcohol until most of the water was removed. The residual syrupy 
hquid after standing some weeks yielded a considerable crystalline 
leposit consisting mostly of lactose and sodium chloride, which 
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doubtless had been adsorbed by the lactalbumin and was set 
free on heating with alcohol. This was filtered out and the 
alcohol largely removed by concentrating the filtrate at a low 
temperature in vacuo. The residue was taken up in ether and 
shaken out with water. After thus washing with water the ether 
was removed by distillation, leaving a residue weighing 116 grams. 

This was extracted with acetone in which 37 grams failed to 
dissolve after repeated treatments. This residue, which had all 
the physical characteristics of “lecithin,” was equal to 0.31 per 
cent of the coagulum from which it originated. The substance 
insoluble in acetone was treated with pure ether, but was found 
to be only partly soluble therein, whereas before removing the 
acetone-soluble substance it was completely soluble. The insolu- 
ble substance was snow-white and so finely divided that it could 
not be filtered out. It was accordingly separated and washed by 
subsidence from ether. After drying over sulphuric acid in a 
vacuum it weighed 8 grams. 

From its solution in a little warm absolute alcohol a semi- 
crystalline separation in the form of microscopic balls occurred 
on cooling. By repeated crystallization about one-half of this 
substance was obtained as a product which above 169° (uncor- 
rected) turned brown and softened; began to melt at 184° and 
completely melted with decomposition at 190° to a clear brown 
liquid. This substance contained 2.59 per cent of phosphorus 
and 2.45 per cent of nitrogen, giving a ratio of P : N equal to 
1 ; 2.09. The unhydrolyzed substance absorbed 29.8 per cent 
of iodine. From this it would appear that the compound is a 
diaminophosphatide, but we have postponed further attempts to 
determine its nature until we secure a larger amount. 

The crude phosphatide soluble in ether, which had been ob- 
tained in two lots, was analyzed for phosphorus and nitrogen 
with the following results: 


I. p 

A 

B 

AVLUAGE 

j>a‘cent 

2.401 

2.455 

2.428 

N 

1.12 

1.05 

1.085 

Ratio N : P 

= 1 : 1.01 



II. P 

3.176 



N 

1.37 

1.41 

1.39 

Ratio N : P 

= 1 : 1.03 
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These preparations were united and purified by twice dissolving 
in ether, and precipitating with an excess of acetone, which 
removed. 7.7 grams. The last precipitate was cooled to -19°, 
ground to a powder under cold acetone, filtered out by suction 
and freed from acetone in a vacuum over sulphuric acid at a 
low temperature. The dry preparation which weighed 10.8 grams, 
formed a slightly brownish colored powder which was very hygro- 
scopic. On account of the rapidity with which it absorbed moist- 
ure no attempt was made to recover the sub^ance quantitatively. 

This purified phosphatide was analyzed for nitrogen and phos- 
phorus with the following results: 

A B 

N 1.817 1.802 

P 3.92 3.82 

Ratio N ; P = 1 : 0.97 

These analyses agree very nearly with those calculated for a 
stearyl-oleyl-lecithin; namely, P 3.84 and N 1.74 per cent. Since 
ultimate analyses of substances of high molecular weight give 
little evidence respecting their constitution, we have instead 
attempted to determine the products of hydrolysis of this prep- 
aration and their relative proportions. Accordingly 5.1564 grams 
wmre boiled with 200 cc. of water containing 25 grams of crystal- 
lized barium hydroxide. The phosphatide was dissolved in a 
mixture of alcohol and ether and this solution added gradually 
to the boiling baryta solution. After cooling, the insoluble barium 
soap was ground up with the baryta solution and the residue 
again boiled to complete the hydrolysis of any phosphatide which 
might have escaped the action of the baryta by becoming enclosed 
in the pasty mass of soaps. After cooling to 0° the insoluble 
soap was filtered out and washed with cold water. The solution 
was acidified with hydrochloric acid and the barium removed by 
an equivalent quantity of sulphuric acid. 

The filtrate from the barium sulphate was concentrated in 
vacuo and the water was removed by repeatedly adding absolute 
alcohol. Choline was precipitated by platinic chloride, 0.8102 
gram of choline platinum chloride being obtained, equivalent to 
0.3176 gram of choline, or about 40 per cent of the quaritity 
lalculated for stearyl-oleyl-lecithin, or 39.5 per cent of the nitio- 


AVERAGE 
per cent 

1.81 

3.87 
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gen of the preparation hydrob’^zed. During the hj'drolysis alka- 
line vapors and an odor of trimethylamine were evolved, showing 
a decomposition which to some extent accounts for the low 
yield of choline. In -vdew of the known difficulties encountered 
in recovering choline quantitatively this result cannot be re- 
garded as showing the actual amount of choline present in this 
phosphatide.^^ 

By recrystallizing from water the precipitate of choline plati- 
num chloride was obtained in characteristic crjwtals which on 
ignition gave the odor of trimethylamine and 31.47 per cent Pt; 
calculated for (CsHnONCbjPtCh = 31.67 per cent. The filtrate 
from the choline platinum chloride precipitate was freed from 
platinum with hydrogen sulphide, concentrated in vaaio to small 
volume, water removed by frequent additions of absolute alcohol 
and distillation. The residue was dissolved in water and found 
to give no precipitate of .ammonium phosphomolybdate nor of 
barium phosphate. Barium hydroxide was added to alkaline 
reaction, the excess of barium removed bj^ carbonic acid, the 
solution filtered hot, and concentrated in vacuo to drjmess. The 
diy' residue of barium glycerophosphate weighed 1.74 grams = 
18.84 per cent "of gtycerophosphoric acid; calculated for stearjd- 
oIe 3 ’'l-lecithin 21.35 per cent. The identitj’’ of the glj'cerophosphate 
was established by recrystallizing three times from alcohol and 
igniting the product dried at 106°. 

I. 0.1258 gm. substance gave 0.0S93 gm. barium pjTophosphate = 43.46 
per cent of barium, or 9.80 per cent of phosphorus in the glycerophosphoric 
acid. 

II. 0.1700 gm. substance gave 0.1208 gm. barium pjuophosphate = 43.50 
per cent of barium, or 9.83 per cent of phosphorus in the glycerophosphoric 
acid. 

Calculated for CjHrPOsBa + J HjO = Ba 43.42, P 9.81 per cent. 

The identit 3 ’- of the barium p 3 wophosphate was established 63 - 
converting into the sulphate, whereby 0.1248 gram was obtained, 
equivalent to 0.0734 gram Ba = 0.1200 gram barium p 3 Wophos- 
ohate; weighed 0.1208 gram. 

The barium soaps, which separated on h 3 '-drol 3 'zing the phos- 
phatide, were decomposed with dilute sulphuric acid, and the 

Compare H. MacLean; Ztschr.f. physiol. Chem., li.v, p. 223, 1909. 
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fatty acids dissolved in ether. After evaporating off the ether 
the residue weighed 3.4177 grams, equal to 66.3 per cent. Cal- 
culated for stearyl-oleyl-lecithin 70.2 per cent. The fatty acids 
thus obtained were separated by crystallization from alcohol in- 
to two fractions, one of which was solid, the other fluid at room 
temperature. These were converted into the lead salts which 
were extracted with ether. The lead salt insoluble in ether was 
decomposed with alcoholic hydrochloric acid, and the fatty acids 
were shaken out of the aqueous solution with ether. The ethereal 
solution left on evaporation a colored residue. This was recrys- 
tallized from alcohol until only a small quantity remained which 
melted at 65° and solidified at 63°. The solid fatty acid was evi- 
dently a mixture which, owing to the small amount of substance 
available, could not be separated into its constituents. 

The lead salt, soluble in ether, was decomposed in the same 
way and yielded a dark colored liquid which solidified at about 
0°, and, when tested by the Hanus method, absorbed 85,7 per 
cent of iodine. Oleic acid absorbs 89,84 per cent of iodine. The 
iodine absorption of the unaltered phosphatide was 42,2 per cent, 
which is much higher than that calculated for a stearyl-oleyl- 
lecithin; namely, 31.6 per cent. We thus identified choline, 
glycerophosphoric acid, and two fatty acids in quantities approxi- 
mating those calculated for a typical "lecithin.” There can 
therefore be no doubt that milk contains a small amount of a 
lecithin-like substance which separates with the coagulum. when 
the acidified milk serum is boiled. We have reason to believe 
that the filtrate from this coagulum also contains an additional 
small amount of phosphatide, but further investigation is required 
before we can make this certain. 

Since no special precautions to avoid exposure to air and light 
had been taken during the preparation of the phosphatides just 
described, owing to the fact that their presence in the alcoholic 
extract of the coagulated milk protein had not been foreseen, 
another lot of alcohol washings of 3139 grams of coagulum was 
worked up, excluding, as far as possible, the action of both air 
and light. The accumulated washings were kept in closed tinned 
milk cans and concentrated in a metal vacuum still, water being 
removed by additions of strong alcohol as the extract became more 
concentrated. The residue was taken up in ether. The ethereal 
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solution ■was washed 'with water in a separatory funnel covered 
•svith a black cloth, concentrated to small volume, and the clear 
solution poured into acetone. The precipitated phosphatides were 
treated with ether, and the insoluble white diaminophosphatide 
was separated in the same way as in making the first preparations. 
Of the diaminophosphatide 10.1 grams, and of the monamino- 
phosphatide 13.0 grams, were obtained. The latter contained 
1.87 per cent of nitrogen and 3.89 per cent of phosphorus. 
P : N = 1 ; 1.067. The iodine absorption was 52.2 per cent which 
is much higher than that found in the first preparation, namely, 
42.2 per cent, doubtless due to protection from oxidation during 
the preparation of the substance. 

Since the first preparation was unsuitable for identification of 
the fatty acids, 9.5868 grams of the phosphatide dried to constant 
weight in vacuo over sulphuric acid were boiled •with 500 cc. of 
water containing 10 cc. of concentrated hydrochloric acid for 
about six hours. The solution was shaken out -with ether, the 
ether solution concentrated and poured into acetone in order to 
detect the presence of unhydrolyzed phosphatide. The small 
amount of precipitate was dissolved in a little ether and added 
to a dilute solution of hydrochloric acid and boiled for two and 
a hah hours. The fatty acids were shaken out with ether as 
before. The ethereal solutions containing the fatty acids were 
evaporated and left a residue weighing 7.083 grams, equal to 74 
per cent of the phosphatide, or considerabb* more than the 66 
per cent obtained by hydrolyzing the first preparation -with 
baryta. The difference is doubtless wholly experimental, as diffi- 
culty was encountered in decomposing the barium soaps which 
would easily lead to loss. The iodine absorption of these mixed 
fatty acids was 74.4 per cent, about five-sixths that of oleic acid. 

Of the fatty acids 5.2 grams were converted into the lead soaps 
according to Famsteiner’s method.'- The lead soap insoluble in 
benzol weighed 1.3364 grams equal to 0.776 gram of stearic acid. 
The fatty acid obtained from this lead salt weighed 0.7503 gram, 
showing the molecular weight of the acid to be approximately 
that of stearic acid, since some loss doubtless occurred in isolating 
it. This is equal to onl}^ 15 per cent, or about one-sixth, of the 

K. Farnsteiner; Zischr. f. Unlersvch. d. NahranQS- u. Gentissmiilel. 
i, p. 390, 1898. 
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total fatty acids. This solid fatty acid absorbed no iodine. When 
reciystallized from alcohol, fractions were obtained which melted 
from 62° to 65° indicating a mixture of saturated fatty acids. 
The amount of material available was not sufficient to enable us 
to isolate any definite acid, the nature of which must, therefore, 
remain for future investigation. 

The benzol soluble lead soap when decomposed yielded 4.195 
grams of fatty acids, equal to 80.7 per cent, or five-sixths of the 
total fatty acids. The iodine absorption of the unsaturated fatty 
acids was 87.2 per cent, or about the amount usually obtained 
for oleic acid under conditions where oxidation is not wholly 
excluded. 

The acid solution of the products of hydrolysis, from which 
the fatty acids had been removed, was concentrated and the 
water removed by additions of alcohol and evaporation. The 
residue was taken up in absolute alcohol, with the addition of a 
little alcoholic lydrochloric acid, and the choline precipitated 
with an alcoholic solution of platinic chloricfe. The precipitate 
of choline platinum chloride weighed 1.3496 grams. Tlie filtrate 
was evaporated to dryness, the residue taken up in absolute 
alcohol, containing a little hydrochloric acid and more platinum 
chloride added. After standing over night, a precipitate sepa- 
rated -which weighed 0.1730 gram. Tour repetitions of this proc- 
ess yielded 0.1193, 0.3036, 0.3310, and 0.1885 gram, making the 
total amount of crude platinum salt 2.4627 grams equal to 0.9654 
gram of choline. 

The united precipitates were crystallized from Avater, and the 
choline platinum chloride was obtained from each in character- 
istic form. The ciystals Avere extracted AAuth absolute alcohol 
AAdiich removed a little amorphous matter. The purified choline 
platinum chloride Aveighed 2.0430 grams, equal to O.SOlO gram 
of choline, or 8.35 per cent of the phosphatide. ’When once 
recrystallized it contained 31.70 per cent of platinum; calculated 
for (CsHHONClloPtCh = 31.67 per cent. 

The choline thus accounted for contained nitrogen equal to 
51.5 per cent of the nitrogen of the phosphatide. The great 
difficulty encountered in causing this platinum salt to separate 
Avas surprising, and it is veiy probable that all of the choline Avas 
not isolated from the solution. 
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To determine whether or not this preparation of the phos- 
phatide contained amino-nitrogen 1.1703 grams were boiled mth 
0.8 per cent hydrochloric acid for several hours, the fatty acids 
removed by filtration, and the concentrated solution treated 
according to the Van Slyke method. The nitrogen evolved 
measured 14.45 cc. at 21° and 745 mm., equal to 0.00802 gram, 
or 36 per cent of the nitrogen of the phosphatide. 

It must remain for future investigation to show whether this 
preparation of the ether-soluble milk phosphatide is a mixture 
of two substances, one yielding chohne and the other a base 
which contains amino-nitrogen, or is a complex phosphatide con- 
taining both bases. The fact that the saturated fatty acid frac- 
tion had no definite melting point indicates that the preparation 
is a mixture. An attempt will be made to fractionate this sub- 
stance in order to determine whether or not the two bases belong 
to different substances, and also to secure further evidence as to 
the nature of the fatty acids which it contains. 

An attempt to determine the molecular weight, which Dr. Carl 
0. Johns kindly made for us, led to the unexpected result that 
when dissolved in benzol the freezing point of the solution was 
raised about 0.07 of a degree. This fact could be explained by 
crystallization of the phosphatide. This was shown to be the 
case by allowing the crystals to settle, and drawing off the clear 
solution with a pipette. "When 2 cc. of the solution thus drawn 
off were evaporated the residue weighed 0.038 gram, whereas the 
same amount of the solution containing the melted ciystals 
weighed 0.068 gram. We hope to take advantage of this property 
of the phosphatide in order to obtain it in crystalline form. 

To determine whether these phosphatides could be extracted 
from the coagulated milk protein by direct extraction with ether, 
or became soluble therein only after previous treatment with 
alcohol, we dried a quantity of the well washed coagulum at a 
low temperature and ground it to as fine a powder as we were 
able. Of this material 242 grams were kept for several days, 
with frequent shaking, under a liberal quantity of pure ether. 
The ether extract contained 0.66 gram of oil which was wholly 
free from phosphorus and completely soluble in acetone, A 
second extraction removed onty 0.127 gram, which was likewise 
soluble in acetone, making 0.33 per cent of fat extracted by ether. 
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The coagulum was then digested repeatedly with absolute alco- 
hol until the amount of substance extracted after long treatment 
became relatively small. The residues left by evaporating the 
alcohol extracts weighed 4.64 grams in all, equal to 1.9 per cent 
of the coagulum. The solution of this residue in a little ether 
when poured into acetone gave a precipitate which weighed 2.23 
grams and left 2.41 grams of substance in solution, equal to 1 
per cent of the coagulated milk protein. 

The precipitate when treated with ether showed the presence 
of the white dianiinophosphatide which is insoluble in ether. 
This was separated as completely as possible from the monamino- 
phosphatide by repeated solution of the latter in ether and pre- 
cipitation with acetone. By this procedure we obtained 1.11 
grams of the monaminophosphatide containing 3.87 per cent of 
phosphorus and 1.12 grams of the diaminophosphatide, which 
contained 2.19 per cent of nitrogen and when recrystallized from 
alcohol melted with decomposition at 188-189° (uncorrected). 

What relation these substances have to the protein is difficult 
to determine. That some form of combination exists must be 
assumed, for they become soluble in ether only after the protein 
is treated with alcohol, and, furthermore, before coagulating the 
protein by heat, they are freely soluble in water. It is probable 
that these phosphatides are not combined with the lactalbumin 
which is the chief constituent of the coagulum, but with another 
protein, for we have found that when the filtrate from the casein 
is neutralized with milk of lime the acidified filtrate from the 
precipitate yields a coagulum which is free from phosphorus. 
Since the precipitate produced by thus neutralizing contains 
protein it is probable that the phosphatides are also contained 
therein as a lecithalbumin containing a relatively large propor- 
tion of phosphatide similar to ovovitellin of the egg-yolk.“ 


Compare T. B. Osborne and G. F. Campbell; Jour, Am. Chem. Soc,, 
xxii, p. 413, 1900. 



A RAPID METHOD FOR DETERMINING CALCIUM IN 
URINE AND FECES. 

Bt henry LYMAN. 
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Research Laboratory of the Children’s Hospital, Boston.') 

(Received for publication. May 12, 1915.) 

The tedious character of the methods hitherto available for 
the determination of calcium in the presence of magnesium and 
phosphates is undoubtedly in part responsible for the scantiness 
of the literature on the metabolism of this element. The imme- 
diate object of this investigation -was to procure a more rapid 
method for the determination of calcium in the urine and feces 
of children, so that more exact information might be obtained 
with reference to such specific metabolism disorders as are be- 
lieved to exist in rachitis and other more or less similar conditions. 
It was thought that by making use of the turbiditj' principle 
already employed for the determination of proteins, acetone 
bodies, etc., the necessaiy speed might be attained. 

At first an attempt was made to read the cloud caused by the 
precipitation of calcium oxalate in the urine itself, the urine being 
first rendered colorless by shaking with repurified blood charcoal 
and filtering. As was found by analysis, the charcoal did not 
adsorb calcium from the urine. The results were, however, 
uniformly too low, and on examination of the precipitate under 
the microscope the reason for this became apparent. In precipi- 
tation from pure aqueous solutions of calcium salts the ciy^stals 
of the oxalate come down in feathery clusters which would natu- 
rally form a verj' opaque suspension; when, on the other hand, 
magnesiiun is present the crystals are in compact, chunky masses 
and the resulting suspension is comparatively clear. It seemed 
necessary, therefore, to separate the calcimn from the magnesium 
as oxalate, according to McCrudden’s method. This may most 
easily be done b3' means of the centrifuge. After centrifuging. 
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the calcium oxalate was dissolved in dilute hydrocliloric acid, 
aii 'excess of ammonium oxalate added, and this solution tried 
against a standard of the same character, both being made alka- 
line simultaneously. When the standard and the urine were 
nearly alike in calcium content this procedure gave good results, 
but when there was any considerable variation not only were 
the clouds not quantitative, but the colors were markedly differ- 
ent, so that they could not be matched. The addition of ammo- 
nium chloride and the use of a number of substances, particularly 
protective colloids, such as egg-white, gum arabic, slippery elm, 
tragacanth, acacia, starch, and dextrin, were tried ■with some 
improvement, but without complete success. 

Precipitation of the calcium as soap was therefore determined 
upon, the reagent chosen being an aqueous solution of potassic 
ricinate. The ricinate is superior to oleates, stearates, and mix- 
tures in many ways. It is easily prepared, gives a clear, nearly 
colorless solution, and does not become cloudy on standing (at 
least for a number of days). Lucidly the calcium' soap clouds 
may be read quantitivelj'- to about the limits of the colorimeter. 
The colors match ■^vell and, the solution being somewhat viscous, 
the precipitate doe^ not settle out for several hours. 

The completed roethocl, a description of ivhich follows, takes 
only twenty-five minutes after the specimen has been prepared 
for analysis. A small quantity of urine may be used, wfiic/i is 
occasionally convenient in the case of infants. There are three 
main steps; (1) isolation of the calcium as calcium o.xalate; (2) 
solution of the calcium oxalate in dilute acid ; (3) precipitation of 
the calcium as soap, and comparison of the cloud so formed witli 
the cloud of a standard solution bj'- the Duboscq colorimeter. 

A description of the treatment of urine will be given and then 
the modifications necessary for feces. 

The first step is done exactly as in McCrudden’s^ excellent 
method, from wdrich this part of the procedure is copied, but on 
a small scale. 

If the urine is alkaline, make slightly acid. 

Filter (otherwise the calcium oxalate precipitate is hard to 
centrifuge out) . 

* * F. H. McCrudden; this Journal, x, p. 1S7, 1911-12. 
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Make just alkaline with concentrated ammonium hydrate, 
added drop by drop. Make just acid with concentrated hydro- 
chloric acid (specific gravity 1.20). If the urine is warmed by 
the neutralization, it should now be cooled. For everj^ 100 cc. 
of urine add five more drops of acid. If the cloud of phosphates 
produced bj^- making alkaline is easil}’' seen, it maj^ be used as 
an indicator, — otherwise use litmus paper. This cloud is also a 
help in deciding how much urine to take. If it is heavj’-, 5 cc. 
will probabl 3 ’' he enough; if it is light take 8 cc., 10 cc., or more. 
Usually with normal adults on a mixed diet 8 cc. will give the 
best results. 

Pipette 5, 8, or 10 cc. into a small Erlenmejmr flask. Add 1 cc. 
of 2 per cent oxalic acid solution. Add 1 cc. of 10 per cent 
sodium acetate solution (10 grams of crj^stalfized sodium acetate 
to 100 cc. of water). 2 cc. are used in the case of feces. 

Stopper and shake well for ten minutes hy the watch. This 
shaking, as w'as shown by McCrudden, takes the place of stand- 
ing over night. The precipitation is not done in a centrifuge 
tube, as there is a tendency for the precipitate to cling looselj’’ 
to the walls. Rinse the stopper with a little 0.5 per cent am- 
monium oxalate solution. Pour into a centrifuge tube. Rinse 
the flask with 2 cc. of 0.5 per cent ammonium oxalate. Cen- 
trifuge until the supernatant hquor is perfectlj' clear (two to three 
minutes). 

Pour off, being careful not to disturb the precipitate. 

Wash the precipitate with 10 cc. of 0.5 per cent ammonium 
o.xalate solution. Centrifuge and decant. With the help of a 
stirring rod dissolve the precipitate in 5 cc. of 5 per cent hj-dro- 
chloric acid. If it dissolves ivith difficulty the tube maj^be 
placed in hot W'ater for a minute or two and afterward cooled. 
Pour into the original Erlenmej'er flask. Rinse the tube and 
stirring rod with 5 cc. of distilled w’ater. Agitate the liquid in 
the flask for a moment to dissolve anj' precipitate clinging to the 
walls. In another flask take 10 cc. of a standard solution of 
calcium oxalate in 2.5 per cent hj'drochloric acid, containing 1.5 
mg. of calcium per 10 cc. [0.5475 gram of calcium oxalate, 
(CaCsO*, 1 H 2 O) in a liter of 2.5 per cent hj'drochloric acid]. 
From a pipette from which the tip has been broken, run into 
each flask 20 cc. of the potassic ricinate solution to be described. 
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agitating the flask meanwhile. Mix. Allow to stand for two 
minutes. Read the clouds by the Duboscq colorimeter in the 
usual way. 

If it is found that the amount of urine taken contains less than 
0.75 mg. or more than 2.5 mg. of calcium, the readings are no 
longer quantitative and another determination must be done with 
a volume of urine which will give something between these figures. 
This difficulty cannot be overcome by diluting either the standard 
or the unknown after precipitation, as the results will not be 
accurate. If 10 cc. of urine are taken and the unknown is set 
at 15 mm., the reading of the standard ^vill equal the number of 
mg. of calcium in 100 cc. of urine. The deeper clouds may be 
read at 10 mm., and the lighter ones at 20 mm. In any case 
where the unknown is set at a given height and the standard read 
against it, the formula will be: 

Reading of the standard X 1.5 , , . . , 

;v. TT — : — , . 7- , ; ; r= “g- of calcium m 1 oc. 

Height at which the unknown was set X No. of 

cc. urine taken 

Should the urine be very much concentrated so that 5 cc. con- 
tain more than 2.5 mg. of calcium, it should be diluted. If, on 
the other hand, it is so dilute that an amount containing 0.75 
ing. will not go into the centrifuge tube, the necessary quantity 
is precipitated in a flask (a proportionately greater volume of 
acetate should be used) and centrifuged in successive portions. 
That is, a tubeful is centrifuged, the supernatant liquor poured 
off, the tube again filled from the flask, and so on until the pre- 
cipitate from the whole amount is collected. Large centrifuge 
tubes with round bottoms, such as are used in some other proc- 
esses, are not suitable, since part of the precipitate will always 
come away when pouring off. 

In this calcium ricinate precipitation the clouds continue to 
grow darker for fifteen to twenty minutes, but in two solutions 
of different strength (containing between 0.75 mg. and 2.5mg. 
of calcium) this increase of turbidity is parallel. Therefore if 
the solutions are mixed as nearly as possible together, they can 
be read correctly in one or two minutes, making it unnecessary to 
wait the full fifteen minutes. A few points in the management 
of the colorimeter may here be mentioned, which add to the 
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accuracy of turbidity work, and winch are sometimes slighted. 
Since light falling laterally on the cups of the colorimeter is in 
some measure reflected to the eye by particles in suspension, the 
shade, which for convenience is usually discarded when colors 
are being matched, must always be used. An artificial light con- 
taining much yellow or red is not permissible. Daylight from a 
clear sky is the best. The colorimeter must be kept perfectly 
clean and should always be tested with the standard in both cups 
before attempting to read the unknown. If the operator has 
been accustomed to reading colors some practice is necessary 
before he can work accurately with clouds. It should be remem- 
bered that, with the same suspension, a deeper column appears 
blue, while the shorter column looks brown. When brought to 
the same level, however, the colors should be identical. Dis- 
tilled water must be used throughout the method. 

Potassic ricinate is prepared as follows: Dissolve 15 grams of 
potassic hydrate in a mixture of 25 cc. of water and 100 cc. of 
alcohol. Warm and add 100 cc. of castor oil. Shake well. Heat 
under a reflux condenser on the boiling water bath imtil a sample 
dissolves in water with no free oil showing. This usually takes 
about seven hours. Keep this as a stock solution. Of the stock 
solution pipette 35 cc. iuto a flask. Add 965 cc. of distilled water 
in which have been dissolved 9 grams of sodic hydrate. The 
reagent should be nearly colorless and perfectly clear. It must 
be made up fresh from the stock solution once a week. No 
attempt was made to remove either the glycerin or the slight 
excess of alcohol from the ricinate, as experiment showed they 
do not interfere. The excess of sodic h 3 ’^drate is added to neu- 
tralize the acid in which the calcium oxalate is dissolved and which 
would otherwise throw down fatty acids, thus obscuring the soap 
cloud. Potassic hj’^drate does not give good results. When work- 
ing with feces a httle more preparation of the substance is neces- 
sarj'. After thorough mixing, a small portion, 5 or 6 grams, is 
taken, weighed, moistened with concentrated sulphuric acid, and 
burned to a white powder in a small silica dish. Heat gentlj’ 
at first, as there is considerable frothing. The residue is washed 
into a 100 cc. volumetric flask with 50 cc. of 10 per cent hj^dro- 
chloric acid. The solution is made up to volume, well shaken, 
and filtered. Of the filtrate 50 cc. are taken and made up to 100 
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cc. with distilled water. This solution is then analyzed e.vactly 
as urine, except that 2 cc. of sodium acetate are used instead 
of 1 cc. Without the excess of acetate the precipitate is very 
fine and difficult to handle. If for any reason the output of 
calcium is far from the normal, the volume up to which the 
ash solution is made can be varied at will. 

The following table gives the results of ten analyses of urine 
by the new method, checked by the method of McCrudden. 


NEW METHOD 

METHOD OF MCCRUDDEN 

Calcium per 100 cc. 

Calcium per 100 cc. 

mg. 

mg. 

16.5 

16.6 

26.4 

26.4 

19.5 

19.9 

35.0 

34.9 

11.6 

12.2 

27.3 

27.2 

19.0 

19.1 

34.2 

34.1 

15.1 

14.9 

30.1 

29.9 



THE FUNCTION OF THE LIVER IN UREA FORMATION 
FROM AMINO-ACIDS. 

Br B. C. P. JANSEN. 
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Amsterdam, Director, Prof. Dr. G. van Rijnberk.) 

(Received for publication, March 25, 1915.) 

The interesting experiments of Folin/ Van Slyke,- and Cos- 
tantino,® have shown that the amino-acids resulting from pro- 
tein digestion in the intestines are probably absorbed, without 
undergoing any change, by the wall of the intestines, and are 
distributed with the blood streams in the various tissues of the 
body. 

The question therefore arises: What becomes of the amino- 
acids taken up by the tissues? For in a verj"- short time the 
same quantity of nitrogen that is taken in the food is removed 
from the body, chiefl 3 ’^ in the form of urea. 

One of the first questions that arises is: Where does the trans- 
formation of amino-acids into urea take place? The answer is 
important not only theoretically and clinicall 3 ’-, but also techni- 
cally; for if we know in which organ or organs amino-acids are 
transformed into urea, we may study the transformation more 
directl 3 ^ Since the classical experiments of von Schroeder in 
1882, it is now generally accepted that ammonium salts are 
transformed into urea in the liver. It was not until 1896, how- 
ever, that Salaskin undertook a series of experiments on the fate 
of amino-acids perfused through a surviving liver. He found 
that they also were transformed into urea. These results have 
recently been attacked b 3 * Folin, and especiall 3 ' b 3 ^ two of his 
pupils, Fiske and Karsner. 

* O. Folin and IV. Denis: especially First to Third Papers, this Journal, 
xi, pp. 87 and 161; xii, p.-lM, 1912. 

• D. D. Van Slyke and G. M. Meyer: ibid., xii, p. 399, 1912; xvi, pp. 197 
.and 213, 1913. 

’ A. Costantino: Biochcm. Zlschr., li, p. 91, 1913; Iv, p. 402. 1913. 
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Fiske and Karsner have repeated the experiments of von 
Schroeder and of Salasldn. They have perfused surviving livers 
of cats and of rabbits with ammonium carbonate or with glyco- 
coll. In the first experiments, with ammonium carbonate, they 
obtained an increase of the urea content of the perfusing fluid; 
on the contrary, when glycocoll was added to the perfusing fluid 
an increase of the urea could not be detected. In these researches 
they have used the quantitative methods worked out in the lab- 
oratory of Folin, which naturally will be exact. But the method 
of perfusion, which was practised by them, seems to me not to 
be very efficient, especially regarding the arterial ization of the 
blood. It may be noted that in a later publication the authors 
established that much more ammonium carbonate can be trans- 
formed into urea when pure oxygen is used for arterializing the 
blood.'^ In this publication, experiments with amino-acids 
passed through the liver are not mentioned. 

I have repeated the experiments of Fiske and Karsner, but 
have used the perfusion apparatus of Mandel-Embden, whereby 
care is taken to assure a good arterialization of the blood. 

Technique. 

The dogs were bled to death from the femoral arteries or from 
the carotid arteries under ether narcosis. The liver was taken 
out of the body as soon as possible (ten to twenty minutes) and 
brought into the apparatus. The first 300 to 400 cc. of the 
perfusing fluid were cast away to wash out the fibrinogen from 
the liver. I then waited till all the fluid had flowed once through 
the liver. Then a portion of 50 or, usually, 100 cc. wms measured 
exactly by a pipette, and immediately deproteinized according 
to Schenck. 

The liver was then perfused for half an hour without any addi- 
tion. Then again a portion of 50 or 100 cc. was taken with the 
purpose of determining the amount of urea formed out of “ureo- 
genic” substances possibly present in the perfusing fluid. At 
the same time a solution of an amino-acid was added. After 
another half hour and after an hour 50 or 100 cc. were again taken. 


C. H. Fiske and H. T. Karsner; this Journal, xviii, p. 381, 1914- 
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To determine the xirea content of the different portions, I have 
chosen the urease method, which seems to me to be the most 
simple and to give the most exact results. 

A method has been worked out by Marshall® to determine the 
urea in the blood directly. But I feared that in the strong albu- 
minous ferment- and bacteria-containing fluid, shght alterations 
in the ammonia and urea content might appear, especially since 
the blood generally could not be worked upon on the day of the 
perfusion. Therefore, as mentioned above, I immediately depro- 
teinized the blood by adding an equal volume of 2 per cent hy- 
drochloric acid and an equal volume of 6 per cent mercuric chlo- 
ride solution. (In the original method of Schenck for 100 cc. of 
blood, 200 cc. of hydrochloric acid and 200 cc. of sublimate solu- 
tion are used; the fluid is then diluted six times; I found that 
100 cc. of hydrochloric acid and 100 to 125 cc, of sublimate 
solution were always sufficient to obtain a clear filtrate.) 

The following day the solution is filtered and from the filtrate 
an exactly measured portion (usually 200 cc.) is made alkaline 
with sodium carbonate and the ammonia distilled off in vacuo 
into a measured quantity (usually 1 cc.) of 0.1 N sulphuric acid. 
To prevent foaming 3 to 5 cc. of amylalcohol are added. When 
the ammonia is removed the remaining fluid is neutralized with 
acetic acid to rosoUc acid (orange-colored)® and then mease is 
added. Sometimes an aqueous extract was used;’ sometimes 
finely powdered soya beans were suspended in the fluid.® The 
mixtme was now digested so long at 40° that I was sme all mea 
was hydrolyzed into ammonium carbonate. Then a large quan- 
tity of sodium carbonate and again some amylalcohol was added, 
and the ammonia distilled in vacuo into a measmed quantity of 
0.1 N sulphuric acid. The excess of sulphuric acid was titrated 
with 0.1 N caustic soda solution, whereby rosolic acid was used as 
indicator. 

The results obtained are given in the following table. A more 
detailed account of these experiments and of the literature will 

^E. K. Marshall, Jr.; ibid., xv, p. 4S7, 1913. 

' Marshall; ibid., xvii, p. 357, 1914. D. D. Van Slyke and G. Zacharias; 
ibid., xix, p. 181, 1914. 

’Marshall; ibid., xiv, p. 283, 1913 

’ Plimmer and Skelton; Biochem. Jour., vjii, jj, 70, 1914. 
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soon be published in the Archives neerlandaises des sciences exactes 
et naiurelles. The following points in the table may be noted. 
In the first place the values obtained for the ammonia content 
of the perfusing fluid are not mentioned. These values are, 
however', very low and do not alter very much in the course of 
the experiment; in many cases they increase a little; in many other 
cases the increase was not measurable; in the first portion of blood 
the content was usually about 0.5 mg. per 100 cc. of fluid; 
in the last, at the most 1 to 2 mg. Exceptions are Experiments 
IX and XV; in the first the ammonia content rose to 5.7 mg; 
in the second to 4.3 mg. per 100 cc. of perfusing fluid. 

In the experiments with the cats, the values obtained for the 
increase of the urea content when the liver was perfused with 
an amino-acid were a great deal higher than those obtained by 
Fiske and Karsner when they’’ used ammonium carbonate. 

In the experiments where leucine was added to the perfusing 
fluid, the yield of urea is very small, and not much higher than 
it would have been had nothing been added. It is remarkable 
that Salaskin also in some experiments with leucine did not 
obtain good results. The explanation given by Salaskin, viz., 
that the leucine crystallized out in the capillaries, does not seem 
to me to be very probable, when we take into consideration the 
large quantity of fluid in which it is dissolved. 

Embden has also encountered difficulties when he used leucine 
to investigate the formation of acetyl-acetic acid from amino- 
acids in the liver. According to Embden the non-natural d-leucine 
gives a much better yield than the Z-leucine obtained from casein.- 

The blank Experiments XIII and XIV, and properly all the 
first half hours of the other experiments are remarkable, because 
thcv do not agree with the findings of Salaskin and of von Schroe- 
der; these investigators could not detect a formation of urea, 
when nothing was added to the perfusing fluid. It seems possible 
to explain this difference from the fact that the blood, which was 
used in Experiments XIII and XIV, was much diluted with 
Ringer’s solution, to which no urea was added. It is therefore 
possible that this fluid washed urea out of the liver. But this 
cannot be the only explanation. According to Marshall, the 
liver of a normally fed dog contains about 30 mg. of urea per 
100 gm. of liver; in Experiment XIV, however, 180 mg. of urea 
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were yielded to the perfusion fluid. Only a small part of the 
total increase of urea could therefore be caused by washing out 
from the liver. Furthermore, in the experiments in w'hich the 
original urea content of the perfusing fluid is high (Experiment-s 
XX, XXI, and XXIV), more urea is produced than in the ex-peri- 
ments in which the liver was perfused with a fluid of a low urea 
content (e.g.. Experiments XVI and XXni). 

Finall}'-, it may be noted, that the quantity of urea produced 
in several experiments, viz., 200 to 500 mg. in one hour, corre- 
sponds with 8 to 12 gm. in twenty-four hours, which is a large 
part of the dail}' urea output of a dog of 6 to 8 kg. 

CONCLUSION. 

Contrary to the opinion of Folin and to the perfusion experi- 
ments of Fiske and Karsner, it appears from the above experi- 
ments that the liver can play an important part in the formation 
of urea from amino-acids 




THE PREPARATION OF SARCOSINE. 

By LOUIS BAUMANN. 

(From the Chemical Research Laboratory, Department of Internal Medicine, 
Slate University of Iowa, Iowa City.) 

(Received for publication, Maj' 24, 1915.) 

.Sarcosinc is usually prepared by heating ethylmonochloroacetate with 
meth 3 damine solution in a sealed tube, according to the method of \ol- 
hard.^ Paulmann- prepared the acid from caffeine bj" decomposition with 
barium hydroxide; Delepine,’ bj' the hj-drolysis of methj’laminoacetonitrile 
formed through the interaction of a poljTner of methj'lenemethj'limine 
(CHs • N : CH ;)3 with hydrocj'anic acid; and Eschweilcr,^ by the reaction 
of methylene cj'anhydrine (glycollic nitrile) with methj-lamine solution 
followed by saponification of the methj'laminoacetonitrile thus formed 
CH5(0H)CN + NHjCH, = CH3 NH(CHj)CN + HjO 
CH.NH(CH,) CN + 2H,0 = CH5NH(CH,)COOH + NH, 
Recently Fischer and Bergmann* sjTithesized sarcosinc hydrochloride b.v 
the methylation of para toluenesulphogl.vcin followed by hydrolj'sis of 
the toluenesulphonyl linkage. 

While preliminary experiments were in progress which had for their aim 
the synthesis of sarcosine bj' means of the Zelinsky and StadnikoEff modi- 
fication of the old Strecker-Tiemann process, an article by Heimrod’ 
appeared in which the author states that he obtained sarcosinc bj' a simi- 
lar method: but no mention of the yield is made nor are analj'tical data 
recorded. 

The following method, devised after considerable preliminary 
experimentation, is relatively simple and has proven more expedi- 
tious than anj' of these above enumerated. 

' J. Volhard: Ann. d. Chem., cxxiii, p. 2G1, 1SG2. 

- W. Pauhnann: Arch. d. Pharm., ccxxxii, p. 601, 1894. 

^ M. Del6pine: Bull. Soc. chim., 3d series, xxix, p. 1198. 1903. 

' W. Eschweiler; Ann. d. Chem., cclxxix, p. 39, 1894. 

- E. Fischer and M. Bergmann: Ann. d. Chem., ccc.xcviii, p. 9G, 1913. 

*N. Zelinsky and G. Stadnikoff: Bcr. d. deulsch. chem. Gesellsch., xli. 

p. 2061, 190S. 

' A. Strecker: Ann. d. Chem., Ixxv, p. 29, 1850. 

* F. Tiemann: Ber. d. deulsch. chem. Gesellsch., xiii, p. 381, ISSO; .\iv, 
p. 1957, 1881. 

’ G. W. Heimrod: ibid., xlvii, p, 338, 1914. 
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Preparation of Sarcosine 


1 gram molecule (67.5 grams) of methylamine hydrochloride 
is dissolved in 120 cc. of commercial formaldehyde solution 
(about 37 per cent) and to this 1 gram molecule (65 grams) of 
potassium cyanide dissolved in the least amount of water at 40® 
is added until the temperature of the mixture reaches 70°. While 
this temperature is maintained by means of ice the remainder 
of the cyanide solution is added. At the end of three hours the 
brownish-colored mixture, which consists of a watery and an 
oily layer and a sediment of salts, is extracted five times with 
ether in a separating-funnel, the ethereal extract dried wdth an- 
hydrous sodium sulphate, then filtered, and the ether distilled 
off on the water bath. The last traces of ether and some of the 
excess of formaldehyde are removed by blowing a stream of air 
into the flask. The residue is then suspended in 400 cc. of water 
to which 125 grams of Ba (0H)2.8H20 are added and the nitrile 
is saponified by boiling under reflux for twelve hours. During 
the early stage of this process care should be exercised to pre- 
vent loss by foaming (liberation of ammonia). From the cold 
filtered solution, to which a little ammonia has been added, the 
barium is removed by a stream of carbon dioxide. The barium 
carbonate is filtered off with suction, washed with water, and the 
solution evaporated, preferably m vacuo, to a thick syrup. This 
is taken up in the least amount of boiling absolute alcohol and 
placed in the refrigerator for twenty-four hours. The sarcosine 
which has crystallized is then filtered off with suction and washed 
with cold absolute alcohol until almost colorless. Yield: 22 
grams, or 25 per cent of the theoretical. The methylamine hydro- 
chloride required for the above synthesis is easily prepared accord- 
ing to the method of Brochet and Cambier'" as follows: Ammo- 
nium chloride (500 grams) is heated with commercial formalde- 
hyde solution (1 kilo) for three hours under reflux. The solution 
is then evaporated on the water bath until a good crop of crystals 
is obtained, cooled, and filtered. These crystals consist of un- 
altered ammonium chloride. The filtrate is again evaporated 
until crystallization occurs, cooled, and filtered. These crystals 
when recrystallized from boiling 95 per cent alcohol yield from 
85 to 110 grams of pure methylamine hydrochloride. 

A. Brochet and R. Carabier: Bull. Soc. chim., 3d scries, xiii, p. 53.3, 
1S95. 
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Analytical data. 

Sarcosinc. 0.2912 gm. of substance (Kjeldahl) required 32.22 cc. of 0.1 
normal sulphuric acid, equivalent to 0.0451 gm. of nitrogen. 

Calculated for CjH 70 !N : 15.73 per cent. 

Found: 15.49 per cent. 

Sarcosinc hydrochloride. The h 3 ’^drocliIori(le was prepared by 
evaporation of the substance vith concentrated hydrochloric acid 
solution in alcohol and precipitation with ether. 

0.0507 gm. of substance when dried in vacuo over sulphuric acid yielded 
0.0575 gm. of silver chloride, equivalent to 0.0142 gm. of chlorine. 

Calculated for CjHjOjNCl: 28.28 per cent. 

Found: 28.05 per cent chlorine. 

Methylureidoacetic acid. The ureido acid, NH 2 .CO.N(CH 3 ) 
CHo.COOH, was prepared by heating 10 grams of substance 
vdth 10 grams of urea and 25 cc. of water for eight hours under 
reflux; then adding 100 cc. of water and 30 grams of crystalline 
barium hydrate, and heating on the boiling water bath for an- 
other two hours. The solution is then evaporated in tacuo. 
the residue dissolved in water and saturated with carbon dioxide, 
filtered, and the barium salt present in the solution decomposed 
with sulphuric acid. The bariiun sulphate is filtered off on paper- 
pulp, covered with kieselguhr, and thoroughly washed with hot 
water. When the solution is evaporated in vacuo crystals of the 
pure acid appear. Yield: 50 to 55 per cent of the theoretical; 
m.p. 153° (uncorrected). 

0.2255 gm. of substance (Kjeldahl) required 33.8 cc. of 0.1 normal sul- 
phuric acid, equivalent to 0.0473 gm. of nitrogen. 

Calculated for CiHsOaNi: 21.21 per cent. 

Found: 20.98 per cent. 

0.0639 gm. of substance is neutralized by 4.7 cc. of 0.1 normal sodium 
hydrate solution, with phenolphthalein as an indicator. 

Calculated: 4.8 cc. 

Meihylhydantoin. The hydantoin 

HN - CO 

I 

0 = C 


CH. - N - CH; 
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was obtained by boiling the ureido acid with 5 N hydrochloric 
add for three hours under I'eflux, then evaporating the acd and 
recrystallizing from hot absolute alcohol. Yield; 66 percent of 
the theory; m.p. 153° (uncorrected). 

0.1031 gm. of substance, dried in vacuo at 80° over phosphorus pentoxidc, 
(Kjeldahl) required 17.89 cc. of 0.1 normal sulphuric acid, equivalent to 
0.0250 gm. of nitrogen. 

Calculated for CJIeOjNj : 24.56 per cent. 

Found ; 24.25 per cent. 

0.00524 gram of the hydantoin when treated with saturated 
picric acid and 10 per cent sodium hydrate according to the method 
of Folin^* develops a color which is equivalent to that developed 
by 0.00026 gram of creatinine treated in the same manner. The 
color intensity is therefore but 5 per cent of that of creatinine 
under the above conditions. 

” 0. Folin : ZtscJir. f. physiol. Chetn., .\'li, p. 223, 1904. 



THE QUANTITATIVE DETERMINATION OF CREATINE 
IN MUSCLE AND OTHER ORGANS. 

By N. W. JANNEY akd N. R. BLATHERBTCK. 

{From the Chemical LaboTatory of the Moniefiore Home and Hospital for 
Chronic Jnvglids, Nete York.) 

(Received for publication, May 31, 1915.) 

INTRODXJCTIOX. 

Existing methods for the determination of creatine in muscle 
and other organs are usually based on one of two procedures: 
the conversion of creatine into creatinine by heating either an 
organ extract or the entire organ with a mineral acid. The 
latter procedure combines hydrolysis of the tissues with conver- 
sion of the creatine.^ It was first used by Pekelharing and van 
Hoogenhuyze, and has recentlj’- been employed in methods de- 
scribed by Baumann and by Folin.- The results obtained in some 
cases are, however, considerably higher than those secured in 
deteiminations made with the aid of extraction. This differ- 
ence has been ascribed to the failure of complete removal of crea- 
tine in extracting, or to the setting free of additional amounts of 
this substance from higher complexes through the action of the 
acid. Aside from its analytical bearing, the questions here 
involved are of importance in their relation to the ori^n of crea- 
tine and creatinine. The scope of the present communication 
includes a study of this subject combined with an investigation 
of pre\dousl3^ described procedures for the quantitative determina- 
tion of creatine in muscle and organs. A description of imp)nved 
analytical methods is also given. 

'■ Throughout this article the term “creatine” is considered, for the 
sake of convenience, also to include creatinine present in the tissue as 
.•=uch. Results are calculated in terms of ereatine. 

= C. A. Pekelharing and C. J. van Hoogenhuyze: Ztschr. f. physiol. 
Chem., Ixiv, p. 262, 1910. L. Baumann: this Journal, xvii, p. 15, 1914. 
O. Folin; ibid., xvii, p. 475, 1914. 
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The creatine content of muscle. 

Myers and Fine^ making use of extraction, and Folin and Buck- 
man^ employing the Folin hydrolysis method, have reported a 
series of creatine analyses of muscle of different species. Tlie 
average values obtained appear in the following table as mg. 
per 100 grams of organ. 


METHOD 

1 

HABBIT ^ 

n 

CAT 

Myers and Fine 

518 


■■ 

Folin 

510 

mm 

■■ 


Though the results for the rabbit agree in both cases closely, 
those for the dog obtained by Folin ’s method are higher. The 
individual estimations of Folin and Buekman vary considerably 
among each other, while Myers and Fine’s values often show 
remarkable regularity. In the following table the authors have 
carried out a series of comparative analyses. In each instance 
the same material was employed for all methods. 


Comparative creatine ajialyses of musele. 
(mg. per 100 gm.) 


SPECIES 

AVTUOnS* 
EXTRACTION 
METHOD j 

rOLlN 

1 

dadmanb 

Dog 

446 1 

508 1 

437 

Dog 

423 

475 


Dog (1) 

4S2 

507 

420 

Dog (2) 

377 

398 


Dog 

454 

492 

1 

Dog 

470 

' 501 

1 

Cat 

579 

581 

.'332 

Rabbit 

576 

583 

553 






As before, the results obtained by use of Folin ’s method are 
considerably higher for dog muscle. We are unable to verify 
the close correspondence reported by Baumann for his method, 
as compared to this author’s determinations made in the same 
material by extraction. 

’ V. C. Myers and M. S. Fine: this Jovrnal, xiv, p. 9, 1913, 

^ O. Folin and T. E. Buekman: ibid., xvii, p. 483, 1914. 
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Further muscle experiments. (1) The muscle residue extracted free 
of creatine in analj-sis (1) of the table (authors’ method) was treated pre- 
cisely according to Folin’s directions for the determination of creatine. 
Result: 23 mg. calculated for 100 gm. of fresh muscle. This corresponds 
almost exactly to the difference, 2a mg., between the analyses recorded in 
the table, according to the authors and to Folin. 

(2) Dog muscle was coagulated by heating in water, and e.xtracted with 
water, alcohol, and ether. As a control the residue was examined accord- 
ing to the authors’ e-xtraction method for creatine. Creatine = 0.9 mg. 
per 100 gm. of muscle. Hydrolysis with 25 per cent sulphuric acid for four- 
teen hours, and then subsequent examination for creatine was carried 
out on the extracted material. Colorimetric readings corresponding to 
64.1 mg. creatine per 100 gm. of fresh muscle were found to be given by this 
material from which practicallj' all creatine possible had previously been 
removed by extraction. 

(3) To determine further the effect of heat and acid, 5 gm. taken from 
the same muscle used in analysis (2) of the table were hydrolyzed foim- 
teen hours with three parts bj' weight of concentrated sulphuric acid and 
six parts of water, and thenceforward determined essentially according 
to Baumann. Result: 465 mg. per 100 gm. of fresh muscle. 

(4) Rabbit muscle was hydrolyzed according to Folin, then shaken with 
ether, and the ether e.vtract carefully separated and evaporated to dry- 
ness. The residue taken up with water gave a faint atypical Jaffd re- 
action. The color developed slowly, similar to the coloration given under 
the same circumstances bj’ levulinic acid. Dog muscle, in like amount, 
was treated in precisely the same fashion. The ether residue dissolved 
in water gave a similar positive but atypical Jaff6 reaction. The colora- 
tion was very deep. Weyl’s reaction was negative. This ether-soluble 
substance is evidently not creatinine. Nor is it levulinic acid, as Weyl’s 
reaction is positive for this acid. 

From the above data we may conclude that the action of heat and 
acid on dog muscle leads to the production of products other than 
creatine, which are also the source of the higher results obtained 
by the use of the Folin method. These products are evidently 
not formed in sufficiently large amounts in rabbit muscle to inter- 
fere with the results in this case. The same probably holds true 
for cat muscle. 

The creatine content of organs other than muscle. 

For a comparative study of methods for the determination of 
creatine in other organs, the liver was made the especial object 
of examination. 
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\\ith the employment of the extraction method the following results have 
Imen obtained per 100 gm. of liver: Beker, average of seven analyses va- 
rious species, 18.4 mg.js Shaffer, dog, 15 mg.;® with the authors’ method, 
(log, average of twelve analyses, chiefly fasting animals, 20 mg.; calf! 
35 mg., average of two analyses. Average result of fifteen determinations 
carried out according to Folin, chiefly fasting animals, was for the dog,109v\g. 

The following determinations were made with the identical 
material in each case: 


Comparative creatine analyses of organs. 
(mg. per 100 gm.) 


MATERIAL 

EXTRACTION 

HVDROL'l'SIS 

Authors' 

method 

Folin 

With 5N 11:50. 

Calf liver 

45 

95 


Dog liver 

41 

90 

218 

Dog liver 

12 

CO 


Dogt liver 

22 

105 


Dog* liver 

13 


124 

Dog liver 

14 

oG 


Dog kidney 

14 

71 


Dog brain 

112 

173 



t Liver rich in eljcogon. 


The determinations made with the help of on sulphuric acid 
were carried out according to the method proposed by Baumann 
for muscle. Baumann has not recommended this procedure for 
liver. We have merely applied it to liver to obtain comparative 
results. 

Additional experiments. (1) The extracted material obtained by cinjiloy- 
ment of the authors’ method from the determination starred (*) in the 
above table was treated precisely as the duplicate determination made 
with 5n sulphuric acid. Result: 137 mg. calculated for 100 gm. of frc.sh 
liver. 

(2) Dog liver was coagulated and extracted with water and alcohol., 
3'he extracted liver was then examined for creatine with the following 
icsults. The results, calculated for 100 gm. of fresh material are, aullioi.''’ 
method, 1.1 mg.; Folin, 63 mg.; hydrolysis fourteen hours with 3.3 jici 
cent sulphuric acid, 214 mg. 


® J. C. Beker; Ztschr. f. physiol. Chem., ]x.\'xvii, ]). 21. 1013. 
* P. A. Shaffer: this Journal, xviii, p. 525, 1914. 
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(3) Calf liver was prepared as above (2). A eontrol creatine deter- 
mination by the authors’ method resulted negatively. Samples of this 
material were heated for periods of time varying from three to fourteen 
hours with acid as follows: normal hj’drochloric, 5 n (24.5 per cent) and 
33 per cent sulphuric. Determinations then made essentially accord- 
ing to Baumann’s technique gave colorimetric readings varying from 
152 to 213 mg., calculated per 100 gm. of fresh liver. 

The data -presented above demonstrate that the action of -mineral 
acid on liver leads to an increase in the colorimetric creatine values. 
In the case of the Folin method, as applied to liver, this increase 
7nay be 400 per cent higher than residts obtainable by the employment 
of extraction. Higher results -with the Folin method have also been 
obtained in organs other than liver and muscle. The conclusion 
is obvious. Either relatively large amounts of creatine, which 
cannot be removed by extraction, are set free by the action of 
heat and acid, or the effect of acid hydrolysis is to cause the 
production of other substances giving the Jaff6 reaction. A 
definite decision of this question is of considerable importance 
(compare Introduction). 

A search for creatine among the products of acid hydrolj'sis, 
with a view to the possible presence of other substances respond- 
ing to the Jaffe reaction was, therefore, undertaken as follows; 

Calf liver was carefully coagulated and extracted with water and alco- 
hol as before. A control creatine determination by the authors’ method 
in a sample of this material resulted negatively. .4n estimation according 
to Folin indicated the presence of 3.1 gm. of creatine in 1121 gm. of ex- 
tracted liver. Other samples were boiled with three parts by weight of 
concentrated sulphuric acid and six parts of water, three hours and four- 
teen hours respectively, and then examined for creatine as described under 
muscle. In a like amount of material colorimetrie readings denoted the 
presence of 11.1 gm. of creatine after three hours’ hydrolysis, and 13.8 
gm. after fourteen hours. The extracted liver (1121 gm.) was accord- 
ingly hydrolyzed with sulphuric acid fourteen hours at 110° precisely 
as was the sample. This length of time was chosen, as during it a max- 
imal development of products yielding the Jaffd reaction took place. Crea- 
tinine is entirely unaffected by this treatment.’ Creatine, if present, would 
be converted into creatinine. 


’ Creatinine, contrary to the statements in the literature, is very stable 
in the presence of mineral acid, as the following experiment demonstrates: 
Creatinine, 0.104 gm., was boiled fourteen hours with 70 cc. HjO and 30 
cc. concentrated HjSOi. Creatinine recovered by analysis, 100 per cent. 
See also Baumann: loc.cii. 
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From the hydrolytic fluid so obtained the bases were precipitated by 
phosphotungstic acid in the usual manner. The chief amount of hydro- 
lytic products giving the Jaffd reaction failed of precipitation here, and, 
therefore, could not be creatinine. For fear of loss of possible contained 
creatinine, the removal of ammonia was omitted. The phosphotungstic 
precipitate was decomposed with baryta solution saturated at 40°, work- 
ing as expeditiously as possible. This procedure has been successfully 
employed by Kutscher in isolating creatinine from muscle extract, and 
evidently does not lead to a considerable loss of the creatinine by the 
action of barium hydroxide at the temperature and during the length of 
time employed. To the filtrate from the barium phosphotungstate, sul- 
phuric acid was added to weak acid reaction. After the barium sulphate 
had been removed, the concentrated filtrate was treated with silver nitrate 
solution. The precipitate containing purines was removed by filtration, 
after standing twenty-four hours, and then additional silver nitrate solu- 
tion was added in very slight excess. The histidine fraction was precipi- 
tated as silver salts by the careful addition of cold saturated baryta solu- 
tion, filtered off, and washed wdth water containing barium hydroxide. 
The arginine and lysine fractions were separated from the histidine filtrate, 
and the silver salts of the three fractions were decomposed in the usual 
manner. The solutions of the bases were tested for the presence of creati- 
nine. The histidine fraction gave a weak Jaff6 reaction and M'cyl re- 
action, to which tests the remaining fractions failed to respond. 

From the histidine fraction the histidine and cytosine were separated 
by fractional precipitation wdth mercuric sulphate® and examined for 
the presence of creatinine with negative results. From the filtrate the mer- 
cury was removed by hydrogen sulphide, the sulphuric acid with baryta, 
and the neutral final solution evaporated to small bulk. In it the Jafic 
and Vt'ey] reactions were positive. A quantitative determination indicated 
the presence of 16.6 mg. of creatinine calculated as creatine. After acidu- 
lating and extracting with ether the solution failed to respond to Jaffd’s 
reaction and Wcyl’s reaction. On evaporation to dryness a crj’stallinc 
residue of about 0.1 gm. was obtained. This was not studied. 

Under the conditions described above creatinine silver is pre- 
cipitated in a solution of one part of creatinine to 3000 parts of 
\yater acidulated Vith sulphuric acid.® Precipitates do not form 
fpr several days even in strong creatinine solutions after the 
addition of mercuric sulphate in sulphuric acid.^® Creatinine, 
if present, should therefore be found in the histidine fraction 
of bases, after removal of the histidine and cytosine. Here it 
was undoubtedly absent. 

* A. Kossel and H. Steudel: Zischr.f. -physiol. Chem., xxxviii, p. 49, 1903. 

’ Authors’ observation (Janney). 

Authors’ observation (.lanney). 
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The ether extract, obtained as above, was evaporated to drj-ness, and 
the minute residue was dissolved in a little water. In this solution Jaffd’s 
reaction was positive but atypical, as the color developed more slowly 
than in the case of creatinine. MeyTs reaction was positive but some- 
what atj'pical. A tj-pical Ifej'l reaction was given prci-iousb' by the his- 
tidine fraction. Further e.xaminations could not be attempted. 

Acetyl-propionic (levnlinic) acid has been prepared b3' heating 
wnth sulphuric acid nucleic acid derived from various organs.*' 
It is also a derivative of lipoids, and is produced b}’ heating prac- 
tically any hexose with mineral acid. Acetyl-propionic acid is 
soluble in ether, not precipitated b3’- phosphotungstic acid, and 
gives a strongly positive Jaffe and We3’'l reaction. To the 
coloration produced b3’^ picric acid and alkali Folin has called 
attention. The fuU development of the color requires a longer 
time than in the case of creatinine, but it is more lasting. These 
properties coincide with those exhibited b3’- the ether-soluble 
substance just described. This, we are therefore inclined to 
believe, represents a trace of acetyl-propionic acid, which failed 
of separation from the phosphotungstic acid precipitate through 
washing. 

In the investigation just detailed all the operations were 
carried out with especial care in spite of the large amount of 
material it seemed advisable to emp’.03^ According to the 
colorimetric determinations, from 3.1 to 13.8 grams of creatinine 
calculated as creatine were present among the h3’-drolytic products. 
Of this no trace could be even qualitatively detected. Failure to 
find an3^ evidence whatsoever of the presence of creatinine can 
scarcely be ascribed to the methods emplo3’'ed. On the other 
hand, the presence of another substance, probably acetyl-pro- 
pionic acid, giving a ver3^ decided Jaffe reaction, could be estab- 
lished. Acetyl-propionic acid or similar products arising from liver 
hydrolysis are then the probable sources of the colorimetric find- 
ings ascribable to creatinine. 

Fairly clear evidence, it is believed, has been -presented above that 
the determination of creatine according to Folin cannot be recom- 
mended for the liver. This same conclusion can be drawn from 
the comparative analyses made in organs other than liver or muscle. 
As it has been shown for muscle that the Folin method, though exact 

“ P. A. Levene: ZUchr. f. physiol. Chem., xliii, p. 199, 1904-05. 
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for some species, yields results in at least one other about 9 per 
cent too high, this method cannot he regarded as of general 
applicability to muscle determinations. 

The Baumann muscle method, strangely enough, usually 
yields results considerably lower than the authors’ extraction 
method, the accuracy of which has been rather rigorously con- 
trolled. We have found the technique of the Baumann proced- 
ure relatively inconvenient as well. From the data stated in 
this article the principle of hydrolysis with acid is to be avoided 
in the estimation of creatine in complex tissues. 

The det&'mination of creatine in imiscle and other organs bg 

extraction. 

The accurate determination of creatine in organs has been 
found to be a task of some difficulty, especially in view of the 
very small amounts of thi.s substance at times present. This 
is all the more true as no other adequate method has as yet been 
devised which could serve as a control for the Folin colorimetric 
procedure, the single one now applicable. For all determinations 
of creatine or its anhydride, including the method described in 
this paper, the possibility of error through the picric acid and 
alkali coloration being due in part to other substances than crea- 
tine, must be kept in mind. 

The procedure described below is to be regarded essentially 
as a modification of that employed by Myers and Fine. Practi- 
cally every step has been subjected to careful controls. Several 
sources of error, seeming hitherto to have escaped detection, 
have been discovered in this way'’. This procedure, in the authors 
experience, has been found to possess advantages over previously 
desci'ibed quantitative methods for the estimation of creatine 
in muscle and other organs. It has been in use in this laboratory 
for about one year. 

Extraction of creatine from muscle and organs. 

Among those reporting determinations of creatine in animal 
tissues by the employment of extraction, Ricsser'- and also 

O. Riesscr: Ztschr. f. physiol. Chem., l.v.x.vvi, p. 415, 1913. 
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Myers and Fine“ have described methods in full and definite 
detail. Although accurate determinations can be made b 3 '- using 
these procedures, the emploj-ment of 45 or more grams of the 
organ to be examined and a correspondinglj' large volume of 
extract, renders their technique rather inconvenient. 

It is, however, possible to overcome aU serious objections to 
the determination of creatine bj’’ extraction if a small amount of 
the tissue is taken for examination, and the removal of the pro- 
teins be judiciously managed. By heating the finelj' di^dded 
organ at about 90° in water with the addition of about 15 drops 
of f acetic acid, perfect coagulation and eas}-- filtration may 
be attained. In aU the following control experiments the tech- 
nique employed was the same as ^ven below under detailed de- 
scription of the method. 


Control of extraction method. 
(mg. creatine per 100 gm.) 



ORIOIKALLT 
' PBrSEhTT 

CBEATI^vC 

1 AODEP 

1 THEOREn- 

1 CAI< 

ro-csiy 

1 I31S10R 

Muscle 

m 

159 

629 

631 

pn cent 

0.4 

Brain 


159 

269 

26S 

0.4 

Liver | 

11 

159 

170 

167 

l.S 

Kidney 

14 

159 


173 

0 


It is evident that creatine can be quantitativelj' recovered from 
various organs by the authors’ method. 

As further controls, the extracted protein material from anab'- 
ses of muscle and organs was reextracled according to the authors’ 
technique a second and third time. These extracts were then 
further examined for the presence of creatine as in the method 
itself. In some of such extracts the coloration produced in the 
picric acid solution by the action of alkali was no deeper than that 
developing in distilled water, treated in like manner. In other 
extracts a minimal coloration corresponding at most to 1 mg. 
of creatine per 100 grams of organ was recorded. Though in 
muscle determinations the apparent error from this source would 
be negligible, in the case of organs containing minimal amounts 

“Myers and Fine: this Journal, xvii, p. 6o, 1914. 
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of creatine this would not hold true. As no difference in 1 
intensity of this faint coloration could be found, whether in orgf 
or muscles, though in the latter case thirty to forty times mi 
creatine was originally present, the cause of this coloration ( 
hardly be attributed to creatine not removed by the origii 
extraction and washing as carried out in the method detai 
below. 

Although the help of a protein precipitant is not a necessi 
we have found it convenient to add aluminium hydroxide, 
then less care need be given to the coagulation of the prote 
the use of acid can be omitted, and filtration is somewhat mi 
rapid. That creatine is not absorbed, nor its extraction fr 
the tissues retarded under these circumstances, the follow: 
control experiments demonstrate. The amount of aluminii 
hydroxide added was 1.5 grams or more. 

The effect of addition of aluminium hydroxide on the determination of creat 


(mg. per 100 gm.) 


MATERIAL 

ANALYSIS 

CONTROL ANALT8 

Rabbit muscle 

(Addition of Al(OH)j) 

578 

(Heat and acid) 

576 

Dog muscle 

444 

446 

Dog muscle 

428 

423 

Dog muscle 

454 

453 

Cat muscle 

581 

579 

Dog liver 

24 

24 

Dog brain 

124 

124 



The conversion of creatine into creatinine in complex organ i 
tracts is best accomplished on the water bath and in dilute so 
tion. Even the water-clear protein-free extracts may contain si 
stances, possibly carbohydrates, which produce the creatini 
coloration after heating with acid. 

In the hope that the autoclave could safely be employed after 
complete separation of the proteins, in various instances the 
conversion was carried out according to Folin’s directions. The 
results were invariably higher in the case of organs other than 
muscle, than those of control analyses made according to the 
authors’ procedure, with use of the water bath. Usually the dif- 
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ference observed amounted only to a few milligrams, but occasion- 
ally the error so introduced is of a serious nature. That these 
higher values in the case of the autoclave are not ascribable 
to failure of complete conversion in the case of the procedure 
described in this paper, we have also determined by special ex- 
periments with pure creatine solutions and organ extracts. The 
protocols of these and following control experiments are omitted 
for the sake of brevity. 

Glucose and urea in concentrations up to 1 per cent in the 
organ extract alone or together have no influence on the deter- 
mination of creatine according to the proposed method. In 
these control experiments, also in determinations made on livers 
rich in glycogen, a new development of color begins about half 
an hour after the addition of the alkali to the picric acid solution. 
It is, therefore, essential to make the colorimetric observations 
promptly. 

Owing to the smaller amounts of creatine found in organs other 
than muscle, we regard it advisable to concentrate the extracts, 
though more time is required for this. In this case 0.5 normal 
sulphuric acid has been found in another series of control experi- 
ments, sufBcient to convert all the creatine present. The deter- 
mination of creatinine, according to Folin,“ may be employed 
when separate determinations of both creatine and its anhydride 
are required in organs. Whether the proposed method is appli- 
cable to organs gorged with blood (perfused liver) has not as yet 
been definitely determined. 

The determination of creatine in muscle. 

{Method in detail.) 

The fresh muscle is quickly freed from visible connective tissue,, 
cut fine, preferably by the meat grinder, and thoroughly mixed. 
From a sample in a weighing glass provided with a ground glass 
lid, about 5 grams are weighed by difference into a beaker glass, 
stirred up in 50 cc. of water, and heated to the point of boiling. 
The flame is then removed. 10 cc. of a 15 per cent suspension 
of powdered aluminium hydroxide are stirred through the con- 

“ Folin: loc. cit. 
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tents of the beaker, which are filtered hot through a fairly small 
Buchner funnel into a previously warmed flask. Extraction 
is carried out with 150 cc. of hot water in six portions, care being 
taken to fill the funnel completely and suck without undue 
pressure, nearly to dryness each time. 

The water-clear filtrate is transferred quantitatively to a flask 
graduated at 300 cc.,*® and the filter flask washed with 55 cc. of 
25 per cent sulphuric acid, followed by water until the volumetric 
flask contains about 280 cc. of fluid. The acid concentration 
is then approximately normal. Conversion is effected by three 
hours’ immersion in a boiling water bath. After cooling, the con- 
tents are diluted to the mark, and thoroughly mixed. Correspond- 
ingly smaller amounts of muscle, aluminium hydroxide, volume 
of extract and sulphuric acid may safely be employed, provided 
the weighing of the material is carefully done. 

Folin’s colorimetric procedure is followed from this point. 
It is repeated for convenience. The acidity of 10 cc. of the con- 
verted solution is determined by titration with a 10 per cent 
solution of sodium hydroxide, phenolphthalein being used as 
indicator, 10 cc. of the unknown and of a standard solution, 
containing creatinine equivalent to 1 mg. of creatine in 10 cc. arc 
pipetted respectively into 100 cc. volumetric flasks and tp each 
20 cc. of saturated picric acid solution are added. Sufficient 
10 per cent sodium hydroxide solution to give 1.5 cc. over and 
above that required for neutralization of the sulphuric acid is 
allowed to run into the unknown solution from a burette. To the 
standard solution 1.5 cc. of the alkaline solution are added in like 
manner. After ten minutes the solutions are diluted to the 
mark and read, the standard being set at 10 or 15 mm. 

Method in detail for organs other than muscle. 

The technique is precisely the same in this case as in muscle 
determinations up to and including extraction of the creatine. 

Small Jena flat bottom flasks graduated to 300 cc. are convcnicntlj 
used here 

Aluminium hydro.xide, however, is best omitted in the determination 
in brain, where heat and acid are preferable (see above). 
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except that less than 5 grams of material should be employed 
only under necessity. 8 cc. of 25 per cent sulphuric acid are 
added to the creatine extract, wdiich is transferred to a porcelain 
dish, the filter flask being washed twice ■s\'ith a little water. The 
contents of the dish are evaporated on a boiling water bath do\ra 
to a volume of about 75 cc. The acid concentration is now about 
0.5 normal. The dish is then covered with a large watch crj'stal 
to retard further evaporation, and the conversion completed by 
a two hours’ continuance of the heating on the water bath. The 
cooled solution is quantitativel 3 '' transferred to a 100 cc. volumetric 
flask, diluted to the mark, and mixed. 

The colorimetric determination is made as in muscle. Standards 
which may be used contain creatinine equivalent to 0.5, 0.25, 
0.125, and 0.0625 mg. of creatine in 10 cc. solution. In working 
vdth organs containing but traces of creatine, the use of a volu- 
metric flask at this step can best be entirely dispensed with. 10 
cc. of the unknown are pipetted into a small glass, 20 cc. of picric 
acid solution added in like manner, and from a burette 1.5 cc. of 
10 per cent sodium hydro.xide solution in addition to the amount 
necessary to neutralize 10 cc. of the unknown. To 10 cc. of the 
standard are given, in hke manner, 20 cc. of the picric acid, and 
1.5 cc. of the alkali solution. In addition, sufiBcient distilled water 
is allowed to run in from a burette to make the volume equal that 
of the unknown. In all cases the standard in the colorimeter 
maj’- be set at 20 mm. 


Organ analyses. 

The results of organ anatyses are appended in the following 
table. They substantiall 3 ’- agree with those pre'sdousl 3 ' obtained 
by Beker,^^ who has also called attention to the relativeb^ large 
amounts of creatine in brain and testes. Fasting, feeding, or 
phlorhizin injections exert no obvious influence on the amount 
of creatine found in the liver. 


” Beker: loc. cil. 
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Creatine content of organs. 


(mg. per 100 gm.) 


SPECIES 

OROAN 


Dog 

Brain 

124 

it I 

“ 1 

119 

' 

{{ ' 

112 

1 

tt 

110 


Pancreas 

18 

it 

Kidney 

27 

it 

tt 

14 

it 

Spleen 

30 

it 

Testes 

ISl 

it 

Liver* 

20 

Calf 

it 

1 45 

tt 

it 

26 


'Average of twelve analyses (12 to 45 mg.). 


Concerning the relation of creatine to protein. 

Creatine, as lias been shown above, can be entirely removed 
from the liver by hot water. From such extracted liver protein, 
boiling with strong mineral acid under the conditions usually 
adopted for protein hydrolysis, fails to yield additional amounts 
of this substance. That creatine is to be z’egarded as an integral 
part of liver protein or of possible other higher complexes broken 
down by acid is therefore improbable. Apparently the onlj' 
positive evidence for accepting that creatine represents an in- 
tegral part of organ protein seems to have been the higher colori- 
metric readings obtained in analyses involving hydrolysis of the 
tissues with acid. These I'esults, as seen above, are due to sub- 
stances other than creatine. The failure of discoveiy of this 
substance among the products found in hydrolyzing muscle 
proteins (Osborne and coworkers) is additional evidence against 
the existence of creatine in firm combination in such protein 
substances. 

The view that creatine is loosely combined with living proto- 
plasm has been advanced by Urano^® from Hofmeistcr’s laboratory. 
The value of the experimental data of Urano’s work may, how- 
ever, aside from analytical inadequacies, be fairly questioned. 
That greater amounts of creatine in his experiments were givcji 
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off to media bj' hashed or preseir'ed muscle, may be due to direct 
mechanical causes, or to an increased permeability of the cell 
membranes for creatine. 

Fohn,” who advocates Urano’s hj'pothesis, has demonstrated 
that creatine present in lower concentration in blood is absorbed 
b}’’ muscle, n which post mortem this substance is found to be 
present in much higher concentration. The conclusion reached 
is that virtuall}' no creatine can be present free in living muscle, 
for otherwise such absorption, could not occur. 

Certain objections to acceptance of this view, that creatine 
is present loosel}' combined in protoplasm, maj’’, however, be 
raised. Examples are known where absorption of substances 
from low concentration in bod3' fluids into areas of higher con- 
centration can occur without chemical union. Fat has been 
found to be present in a concentration of 3 to 5 per cent at most 
in lymph, from which it can be absorbed bj' tissues alread3' laden 
with fat. It seems also difficult to understand why creatine, 
which may be regarded as a gb'cine derivative, should be capable 
of being split off by the mere death of organs, when all other amino- 
acids require boiling with mineral acid to set them free. ^More- 
over, if we accept that creatine is combined in the li\Tng cell 
substance, possibly the remaining muscle e.xtractives, including 
urea, might have to be included in the concept, protoplasm. 
This seems scarcely acceptable. There seems, at least, no very 
definite evidence as 3"et recorded that creatine exists even in a 
loose state of combination in organs. 

The acceptance of actual chemical union does not seem neces- 
sary to e.xplain the close connection with protein metabolism 
so clearly established for creatine. This substance may not un- 
likely be synthesized from the products of protein breakdown, 
possibl3’^ to serve normally as a highl3'' nitrogenous reserve product, 
in a manner somewhat analogous to liver gl3’cogen in carboh3’'- 
drate metabolism. 

SUMMARY. 

Creatine and creatinine are probabl3' not to be regarded as 
existing in firm combination in liver and muscle; as acid h3^drQl3-sis 

'*F. Urano: Beilr. z. chem. Phys. v. Path., ix, p. 104, 1907. 

”0. Folin and W. Denis: this Journal, .\vii, p. 493, 1914. 
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0^ sjich organs, previously freed of these substances by extraction, 
fails to yield additional creatine or its anhydride. 

To previously described methods for the determination of 
creatine in muscle or other organs various criticisms can be 
offered. Folin's procedure for the estimation of creatine in 
muscle is of limited applicability. For organs other than muscle 
it cannot be recommended. 

Improved methods for the determination of creatine in muscle 
and other organs are described. 



THE METABOLISM OF CREATINE AND CREATININE. 

TENTH PAPER. 

THE RELATIONSHIP BETWEEN CREATINE AND CREATININE IN 
AUTOLYZING TISSUE. 

By victor C. MYERS akd MORRIS S. FINE. 

(From the Laboratory of Pathological Chemistry, New York Post-Graduate 
Medical School and Hospital, New York.) 

(Received for publication. May 26, 1915.) 

Despite active investigation, evidence has not been forthcoming 
to shotv clearly the relationship between creatine and creatinine 
in the animal bod}^ StiU less has been determined with regard 
to the precursors of these substances. 

In 1907 Benedict and one of us' called attention to the fact that when 
carefully preserved urines were allowed to stand, the creatinine was slowly 
changed to creatine. We expressed uncertainty as to whether this change 
was chemical or ensjunatic. Several months later there appeared the 
first of a series of papers by Gottlieb and his coworkers- dealing with the 
formation and destruction of both creatine and creatinine. By an elab- 
orate investigation of the behavior of these compounds during autolysis, 
Gottlieb and Stangassinger’ have concluded that the 3 - undergo a series of 
enzj'matic transformations in the body, the more important of which are; 
(1) creatine is formed in autolj-sis of various tissues; (2) preformed or 
added creatine can be converted bj- enzj-matic means into creatinine dur- 
ing autolj’sis; and (3) both of these compoimds maj- be destroyed bj- appro- 
priate enzj-mes, “creatase” and “creatinase.” This was disputed bj- 
Mellanby,^ but after a repetition of the above work van Hoogenhuyze and 
I erploegh,* and Rothmann' maintained the essential importance of endo- 

' F. G. Benedict and V. C. Myers: Am. Jour. Physiol., x^-iii, p. 404, 
1907. 

- R. Gottlieb and R. Stangassinger: Zlschr. f. physiol. Chem., lii, p. 1, 
1907. 

' Gottlieb and Stangassinger: fdid., lii, p. 1, 1907; Iv, p. 322, 1903. Stan- 
gassinger: ffnd., Iv, p. 295, 1903. A. Rothmann: ibid., Ivii, p. 131, 1903. 

' E. Mellanbj': Jour. Physiol., xxxri, p. 463, 1907-08. 

‘ J. C. van Hoogenhuyze and H. Verploegh; Ztschr. f. physiol. Chem., 
Ivii, p. 206, 1903. 

® Rothmann: loc. cit. 


533 



584 Metabolism of Creatine and Creatinine 


enzymes in the metabolism of the compounds under discussion and experi- 
ments have further been reported by Rowe,’’ Inouye,* and PalJadi;i anci 
AVallenburger,®’ which, in general, support this view. 

Although many of the essential points brought out by the experiments 
of Gottlieb and Stangassinger have been confirmed^ their work has not 
been generally accepted. In discussing this subject Folin and Denis'" 
state: "The hypothetical transformation of creatinine into creatine in the 
muscles, as suggested by Mellanby, or by means of ferments, as claimed by 
Gottlieb and Stangassinger, is not founded on convincing experiments and 
is certainly not supported by the determinations recorded above” (experi- 
ments on the living cat) . In a further discussion of the work of the Heidel- 
berg investigators they write: "To be sure van Hoogenhuyze and Ver- 
ploegh have verified their results but Mellanby on the other hand was 
unable to do so.” These statements typify the scepticism with' which ibis 
subject has been viewed by workers in this field. 

With regard to the work of Gottlieb and Stangassinger, it may 
be mentioned that their results for preformed creatinine were 
obtained with a method requiring evaporation by heat (barium 
carbonate being added to keep the reaction neutral), Althougli 
their data appear to lend support to their method, the use of 
heat is open to criticism. An inspection of Mellanby’s muscle 
autolysis experiments shows that he was unable to detect the 
presence of creatinine in experiments in which it must have been 
present in appreciable amounts. In view of this fact his severe 
criticisms of the work of Gottlieb and Stangassinger are without 
significance. 

The experiments reported in the present paper were carried 
out with the object of clarifying some of the disputed points. 

Methods employed. 

The methods employed for the determination of the creatine 
and ci’eatinine in the tissues, except as noted below, were those 
described in an earlier communication." In the case of au(o- 
lyzing muscle the methods were found to give most satisfactory 

’’ A. H. Howe: Am. Jour. Physiol., xxxi, p. 1G9, 1912-13. 

® K. Inouyc: Zlschr. f. physiol. Chem., Ixxxi, p. 71, 1912. 

"A. Palladin and L. Wallenburgcr: Compl. rcnd.Soc. dc hioh, Ixxviii, 
p. Ill, 1915. 

0. Folin and W. Denis: this Journal, xii, p. 152, 1912. 

" V. C. Myers and M. S. Fine: ibid., .vvii, p. 05, 1914. 
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results. In some of our later experiments requiring the estimation 
of very small amounts of creatine and creatinine the recent 
methods of Folin‘- have been used (data in Tables VI, X, XI, 
XII, and XIII). 

EXPERIMENTAL PART. 

Before considering the changes in the creatinine and creatine 
content of any tissues undergoing autol 3 'sis, it appeared essential to 
ascertain what changes, if anjq might take place in pure solutions 
of these substances. In agreement with Gottlieb and Stangas- 
singer,!* it was found that creatine in pure solution was slowlj-^ 
transformed to creatinine (Table I), the rate at 36°C. being 

TABLE I 


Formation of creatinine in a solution of pure creatine (0.3 per cent). 


8A,MPL£ 

1 

PBOPORTIOS* OF 
CREATtSX 
TRASSFORiCED 70 . 
CREATINIKE 

1 

PERIOD 

OF AVTOhYSlS j 

TEMPER-UrURE. REMARES 


per cent 

veeKi 


1 

0.24 

1 

0°C. Almost no change. 

2 

3.1 

1 

se'c. 

3 

7.2 

2 

SB'C. 

4 

8.6 

3 

36‘’C. 

5 

12.7 

4 

se'c. 


slightly less than 0.5 per cent per day for the first few weeks. A 
second set of experiments (Table II) in which creatinine was em- 
ployed showed that it was transformed to creatine in a similar 
manner; at the end of eleven months an equilibrium had been 
reached in both cases. This suggests that the phenomenon is a 
revereible reaction in which an equilibrium is graduallj’- reached 
between the two substances. Evidentlj’’ creatine and creatinine 
may be changed each to the other, even in pure solution, although 
as will be noted in experiments to follow, the rate is much slower 
than that found in the autolysis of muscle and other tissue. De- 
terminations of total creatinine show a loss of about 10 per cent 
in both cases. If the creatine and creatinine are decomposed 

”0. Folin: ibid., xvii, p. 475, 1914. 

Gottlieb and Stangassinger; Ztschr.f. physiol. Chem., Hi, p. 1, 1907. 
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it is quite natural to expect that this would be in part through a 
formation of sa<rcosine and urea. Controlled estimations of urea 
with the aid of soy bean urease and Nessler’s solution gave about 
0.5 mg. of urea nitrogen in each case, which would account for 
about 2 per cent of the creatine and creatinine lost. This amount 
is, we believe, slightly beyond the limits of experimental error. 


TABLE II. 

Changes in pure solutions of creatine and creatinine. 


DATE 

1914-15 

PERIOD OP 
INCUBATION 
AT 

TOTAL 

CREATININE 

CREATININE 

CREATINE IN 
TERMS OP 
CREATININE 

Solution of pure creatinine, 100 mg. to 100 cc. 


days 

per cent 

per cent 

per cent 

June 26 

0 

100 

m 

0 

July 9 

13 


86 


Aug. 18 

53 


74 1 


Aug. 24 

59 

90 

65 1 

35 

Oct. 17 

113 


49 


Feb. 17 

246 

90 

42 

48 

May 19 

337 

90 

40 

ro 

Solution of pure creatine, 100 mg. to 100 cc.. 

in terms of creatinine. 

June 26 

0 

1 

100 

0 

100 

July 9 

13 


9 


Aug. IS 

53 


29 


Aug. 24 

59 

90 

30 

CO 

Oct. 17 

113 


37 


Feb. 17 

246 

90 

39 

51 

May 19 

337 

90 

40 

50 


Table III gives the changes in the creatinine (and creatine) 
content of urines refrigerated for one year. The two sets of ex- 
periments show comparable results. The last specimen in each 
case was allowed to stand in the room some time before being re- 
frigerated. Judging from the results with pure solutions, an equili- 
brium point had nearly been reached in the last two specimens. 
The amount of creatinine lost was the same as with the pure 
solutions. 

As has alreadj’’ been pointed out, the creatinine (as well as the 
creatine) concentration of muscle tissue is much higher than that 
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of any other body tissue/' which strongly points to the muscle 
as the chief site for the formation of creatinine. A stud3' of auto- 
Ij-^zing muscle tissue might therefore be expected to throw light 
upon the relationship between creatine and creatinine. For this 
reason, as well as for the fact that the work of Gottlieb and his 
coworkers was conducted largelj' on other tissue, our attention" 

T.A.BLE ur. 


Changes in the creatinine of vrines refrigerated for one year. 


SOURCE OF tmI^•E 


OBlGIX.<L 
CONTENT or 
CREATININE 

TOT.AL 

CREATININE 

FOUND 

PREFORMED 

CREATININE 

1 

CREATINE 

! 



Xov.. 1913 

Nor., 2914 



j gm. 

grn. 

gm. 

gm. 


^3 

1.35 

1.21 

1 1.04 

0.20 

V. c. M 

4 

1.35 

1.21 



5 

1.35 

1.23 




:6* 

1.35 

1.23 

0.60 


Averages 

1.22 

0.89 

0.38 




WBM 

■n 

0.85 

■■1 

M. S. F , 



mSSM 

0.85 

BIB 


1.29 

BIB 

0.81 




1.29 

bib 

0.50 

BBI 

Averages 

1.13 

0.75 

0.44 



V. C. JI. M.S.F. 

per cent per cent 


Creatinine unchanged 66 68 

Creatinine changed to creatine 24 20 

Creatinine lost 10 12 


* 6 in both experiments n-as allowed to stand at room temperature for a consider- 

able penod beiore being refrigerated. Toloene iras used as preser\'ative in all cases. 

has been directed chiefij’’ to muscle tissue, although some consid- 
eration has been given to blood and liver. 

As will be noted in Table IV, when the finety ground muscle 
tissue of the rabbit is allowed to autolyze in the presence of a 
little more than an equal volume of water with toluene as a pre- 
servative, the creatinine increases at a very constant rate at the 
expense of the creatine. The rate of the reaction gradually 

Myers and Fine: this Journal, xxi, p. 387, 1915; see also Proc. Soc. 
Exper. Biol, and Med., xi, p. 15, 1913. 
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slows up until an equilibrium point is reached. The rate of trans- 
formation here is more than three times as great as in pure solu- 
tion. Should this phenomenon prove to be other than a post 
mortem change, it would be quite sufficient to explain not only the 
amount of the creatinine elimination, but also the constancy in 


TABLE IV. 
Influence of time. 


1 


1 

creatinine formed i 


MUSCLE 

PEBIODOF 
AUTOLTfilS AT 



total creatinine 


38* C. 

Per 100 gm. 
muscle 

Per 100 gm. musclo 
per day 

AS CREATINE 

! 


Rabbit 67. June, 191S. 



Hays 

mg. 

mg. 


i\ 

2/ 

0 

/ 8.8 \ 

\ 11.6/ 


0.50S 

CO 

4 

/ 51.3 \ 

1 51.3/ 

10 

0.508 

5l 

6/ 

9 

/ 82.7 \ 

1 81.0/ 

8 

0.508 

CO 

13 


7 

0.508 

9l 

10/ 

IS 

/ 128.6 \ 

\ 117.5/ 

6 

0.50S 


Rabbit 77. Sept. 

, 1913. 


1 

0 

6.8 



3 

2 

20.2 

6.7 


4 

4 

36.6 

7.4 


5 

G 

50.6 

7.3 


6 

8 

62.5 

7.0 


7 

10 

72.3 

6.7 



its excretion. As will be noted in this table, there appears to be 
no destruction of either creatine or creatinine in rabbit muscle 
under the conditions of our experiments. 

As is well known, the excretion of creatinine is increased in 
fever. That this is quite in proportion to the rise in body tem- 
perature and probably due entirely to the hyperthermia has nl- 
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readv been pointed out.“ In this connection it is of consider- 
able interest to learn the influence of coraparativeh" small changes 
in temperature on the rate of autol 3 'sis. It null be noted in Table 
Y that autolysis at 36°C. produced 6 mg. of creatinine per 100 
grams of muscle per da 3 % while at 39°C., 9 mg. were produced, 
and at 44°C., 13 mg., which is entirely in harmonj' with our earlier 
obsen-ations in vivo. The marked similaritj' of the results ob- 
tained under the two conditions emphasizes the probable import- 
ance of the factors present in the experiments here reported. No 
explanation can be offered for the high figures for total creatinine 
found in muscle samples Nos. 5 and 6. 

TABLE V. 


Influence of temperature. 


MfSCLE 

1 ENGTB 

OF 

VUTOLT8I8 

CRE^TINTN’E IXCBE VSE 

TOTVL 


RABBITS 

78 wo 79 
MYcro 

Kov . 


1 

Per 100 gm 
mu5cle 
per da> 

CREATININE 

AS 

CREATINX 

1 TEifPERATURE or 4.t7roi.\srs 
REMARKS 


days 

mg 

1 

mg 1 

prr cent ^ 


1 

0 

6 8 


0 495 

Fresh muscle. 

2 

7 

19 3 

3 i 

0.495 

20'’C. 

3 

7 

44 4 

6 ! 

0 501 

oe'c. 

•1 

7 

63 3 

9 ' 

0 501 

39”C. 

0 

7 

89. 0 

13 

0 561 

44'’C. 

c 

7 

165 3 

23 

0 570 

36’’C. 2 cc. concentrated 
HCl added. 

t 

lo hrs. 

207.7 

200 

0 527 

15 hrs. at 85°C. 

s 

7 

213.1 


0 501 

15 hrs. at 85°C., 6 days 
at 36'’C. 


It seemed important to learn whether either pure creatine or 
creatinine, when added to autolj'zing muscle tissue, would experi- 
ence the same fate as the creatine originallj'- present. That 
creatinine when added to autolyzing muscle will inhibit the trans- 
formation of creatine to creatinine, or if added in sufScient quan- 
tit}', cause the reaction to proceed in the opposite direction is 
evident from the first portion of Table YI. Bj' the addition of 
200 mg. of creatinine to Sample 4 containing 45 mg. of creatine 
(in terms of creatinine), the amount of creatine calculated as 

V. C. Myers and G. O. Volovic: this Journal, xiv, p. 4S9, 1913. 
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TABLE VJ. 


Influence of the addition of creatinine. 


Wopo 

few .* 

a o 0 i 
SnW , 

gets 

S ^ ^ 1 

O 00 

»ga 

M CJ *5 

aSS 

S w B 
|Sg J 

1 

Q 

P 

H 

s 

s 

§ o 

g« 

u 

t 

< 

a 

ti 

o 

22 

1 

J,o 00 

^ f" 

w«g 

« H 

V tfa 
-J *< 

o J? o 

< 

oi 5 
o y ' 

P 

• P 

a M tn 

0 •>: 3 

S wo 

S5S 

o j; < 

U H W 
«<<= 1 
P4 

Q 

s 

£« 
k 2 
w ? 

^ 2 

f“ 

* a 1 

§5 1 

•j 

P ao 

B w 

'! 3 2 
es2 

sj-'w 

B e w 

t- 0 o 

o 

P 

z 

K 2 

.«g 

2 9 

£o 

o 

1 

mg» 

rrtff. 

mg. 

rw^. 

mg. 

njf?. 

mg. 

mg. 

TTij;. 

1 

45 

50 

95 

95 

0 

49 

1 

46 

53 

2 

45 


145 

138 

' 8 

86 


52 

GO 

3 

45 


195 

^ 182 

13 

117 


65 

75 

4 

45 

■1 

245 

230 

15 

159 


71 

82 


Influence of the addilioii of creatine. 


MCBCLE SAMPLES 

RABBITS 80-81 
MIXED NOV.,1913 

O (0 

» g w 

"Si 
gs - 1 

Hog 

<ag 

||g 

p 

H u 

0 > 

§ 2 

u 5 1 

r, w ' 
S c 

w 2 
es ^ 
o 

total creatine 

AS CREATININE 

1 

• O tfl 

^ K s 

•J Ci ^ 
BBg 
e H H 

5 P 
< < 1 

<g§ 

0 5 0 

p 

u 

p 

>; 

U 1 

a 

u 

! g 

S 

• O 

M SS 

K W S 

Upg 

0 3 

Smo 

»23 ' 

o E *: 
Shfc 

s -< o 

p 

tlj 

0 ti 
p p 

Wh 

1 

^ £ - 

W U H 
>- ■< 
o 

pi 

& u 

<52 

HbH 

1 K O < 

O 


nij7. 

mQ. 

mg. 

n>(r. 

mg. 

1 ?ni7. 

!prr ce/i^ 

i mg. 

5 

90 

' 85 

175 

184 

+ 9 

44 

23.9 

' 140 

6 

90 

170 

260 

! 271 

+ 11 

61 

22.4 

211 

7 

i 90 

255 

345 

342 

- 3 

81 

23,7 

261 

8 

,0 

340 

1 

430 

1 

425 

1 

- 5 


23.8 

323 


TABLE VII. 


Influence of acetic acid and neutral phosphate mixture. 


8AUPLE 

1 

PERIOD OF 
ADTOLTSIS AT j 

36' C. 

CREATXiS'INB INCREASE CALCULATEP TER ]00 OAf, 

Muscle plus 
ivatcr j 

Muscle plus 

0.02 N acetic acid j 

Muscle plus 

1 per cent phos- 
phate mixture 


— j 

dags j 

mg. i 

mg. 

mg. 

1 

3 

21 j 

67 

20 

2 

6 

34 

126 

42 

3 

9 

60 1 

185 

80 

4 

12 

70 

200 

88 

5 

21 

98 

232 


6 

j 28 

111 

[ 253 

114 
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creatinine was raised to 71 mg. at the end of twenty daj^s. That 
added creatine experiences the same fate as the creatine origi- 
nally present in the muscle tissue, is evident from the fact that 
there was essentially the same rate of transformation, whether 
plain muscle, muscle plus 85 mg. of creatine, or muscle plus 340 
mg. of creatine was imder obsenmtion. 

As may he seen from Table ni, the velocity of the transfor- 
mation of creatine to creatinine is increased by weak acid but 
not materiaUj’’ affected bj' Henderson’s neutral phosphate mi.x- 
ture. 

TABi£ rai. 


Autclyses with cat muscle. 


iitrscix 

SAMPLES 
CAT 17 
Kov., 1913 

PZBIOD 

OP 

AtrroLTSis 

CREATINTNE LN'CRE.ASE 

TOTAE 

temperatcre or actoltsis. 

REMARKS 

Per 100 gm. 
muscle 

Per 100 gm. 
muscle 
per day 

AS 

creattst: 


days 

m^. 


per cent 


3 

0 

4.8 


0.482 

Fresh muscle. 

14 

4 

18.0 

3 

0.482 

20°C. 

15 

8 

23.1 

2 

0.482 

20*0. 

4 

4 

38.4 

8 

0.482 

36°C. 

5 

8 

62.3 

7 

0.482 

se'-c. 

6 

12 

73.6 

6 

0.482 

36°C. 

7 

16 

100.0 

6 

0.482 

36°C. 

8 

20 

108.0 

5 

0.482 

36*0. 

9 

28 

119.1 

4 

0.482 

36*0. 

10* 

56 

143.6 

3 

0.482 

se'C. 

11* 

84 

186.0 

2 

0.482 

se^c. 

12 

4 

47.7 

11 

0.482 

39 °C. 

13 

8 

95.3 

11 

0.482 

39°C. 

16 

4 

18.0 

3 

0 

36°C. 27o toluene. 

17 

28 

228.0 


0.488 

0.11 gm. creatine added 


1 




to 25 gm. muscle. 


Bacteriolojpcal examixiatioDS gave negutivc results. 


The autolysis experiments carried out vith cat muscle are 
comparable in every respect with those reported for the rabbit 
(Tables IV and V) ; i.e., there is a uniform rate in transformation 
of creatine to cr^tinine, which is increased with a rise in tem- 
perature, but is gradually retarded as the reaction approaches 
an equilibrium point. There is likewise no loss in total cre- 
atinine, indicating no destruction of either substance. 
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TABLE IX. 


Antolyscs with dog muscle. 


MCJSCI.E 
SAMPLES 
000 6 
NOV,, 1913 

PERIOD OF 
ATJT0L16IS 

AT 30® C 

CREVriKINE INCREASE 

TOTAL 

CREATININE 

AS 

CREATINE 

Per 100 Km. 
muscle 

Per 100 gm. 
muscle 
per day 


days 

mg. 

mg. 

per cent 

1 

0 

5.0 


0.418* 

3 

4 

21.3 

4 

0.404 

4 

8 

31.7 

3 

0.376 

5 

12 

41.3 

3 

0.376 

6 

16 

33 2 

2 

0.376 

7 

21 

46.6 

2 

0 35S 

8 

28 

42.6 

2 

0.348 

9 

35 

33 8 

1 

0.35S 


• Moisture content of muscle, 73 5 per cent; nitroficn, 3.37 per cent. Creatine calculated for 
76 per cent moisture, 0 378 per cent. 


TABLE X. 

Creatinine and ercatine eontent of the tissue of the fowl. 


ANIMIL 

TISSUE 

creati- 

nine 

CUE A- 
TIVE 

SUGAR 

Rf MARKS 




mu 

0 100 

per cent 




f 

Blood 

1 3 

5 2 

0 33 

Creatinine deter- 

TI _ 



Leg muscle 

1 6 


0 28 

minations com- 

Hen 

1 


Breast muscle 

5 3 

483 

0 39 

pleted 1 hr. after 




Liver 

1 6 

15. 

0 98 

, death. 




Blood 

1 2 

6.6 

0 26 

Creatinine dot cr- 




Leg muscle 

1 9 

442. 

0 28 

minations com- 

Hen 

2 


Breast muscle 

5 0 

452 

0 42 

pleted ^ hr. after 




Liver 

1.2 

11.5 

1 S4 

death. 

Hen 

3 



0 5 

6.5 

0 18 


Hen 

4 



0.4 

4.2 

0 17 

Creatinine was de- 

Hen 

5 



0.4 

5.3 

0 17 

termined about 3 

Hen 

6 


Blood 

0.5 

5.7 

0 22 

hrs. after blood 

Hon 

7 



0.6 

5.5 

0 24 

was taken. 

Hen 

8. 



0 6 

5.8 

0 19 


'Diiek 

ll 



0 67 

5 4 

0 13 

Creatinine was de- 

Duck 2 ! 



0 S3 

5 9 

0.14 

termined about 2 

Duck 3 


Blood 

0.88 

5 2 

0.14 

hrs. after blood 

Duck 

4} 



0 60 

5 1 

0 14 

was taken. 
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The results obtained in the autol3^is of dog muscle are rather 
different from those obtained in the case of the rabbit and the 
cat. In the early stages of the autolysis there u-as a change of 
creatine to creatinine quite comparable to that previously ob- 
tained, but after a certain point had been reached there was no 
further increase in the creatinine of the present series, and there 
hkewise appeared to be some loss in total creatinine. The cause 
of the difference between these and pre^^ous experiments is not 
clear. We do not believe that it was due to bacterial factors, 
since all bacteriological examinations, kindly made for us in these 
and other experiments by Dr. R. M. Tajdor, were negative. 

TABin XL 


Aulolysis of fowl muscle. 



CREATIKIXE nfCBEA3E PEB 100 GU. irUSCLT 



OP 

ArroLTsis 

Bresist miiscle 
Hen 1 

1 Breast muscle ; 
Hen 2 

Leg muscle 
Hen 2 

BEMABKS 


dans 

rny. 

mg. 

mg. 



0 

5.3 

5.0 

1.9 



4 

23.0 

22.7 




7 

38.8 

38.7 

35.7 

Total creatinine 

of 





breast muscle 

UB- 

11 

65.0 

63.3 


changed. 


14 

78.0 

83.3 


Total creatinine 

of 





breast muscle 

un- 

IS 

88.2 

100.0 


changed. 



It is possible that conditions are somewhat different in the dog. 
If this be true it may in part explain some of the rather peculiar 
results obtained bj"- Gottlieb and Stangassinger, since most of their 
experiments were carried out on tissue from this animal. 

The data which have been reported dealing with the metabo- 
lism of creatine and creatinine in the fowl indicate that it differs 
considerabl5’- from the metabolism of these substances in mam- 
mals. Paton'® has claimed that creatine and not creatinine is 


“ D. N. Paton: Jour. Physiol., xxxix, p. 4So, 1909-10. D. N. Paton and 
. C. Mackie: ibid., xlv, p. 115, 1912-13. 
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found in the urine of birds, while Folin and Denis*’' have re- 
ported the creatinine content of the blood of the fowl to be 
0.1 mg. per 100 cc. 

It seemed important, therefore, to examine the influence of 
autolysis upon the creatine of the muscle in the fowl as well as 
the creatine and creatinine content of fresh tissue. From the 
data in Table X, the creatinine content of the blood of fowls 
does appear to be slightly lower than that of mammalian blood, 
although we have failed to find any figures approximating those 
reported by Folin and Denis. On account of the question of a 

TABLE XII. 


Autolysis of inixcd human blood. 
(Figures represent mg. to 100 cc.) 


PERIOD 01- 
AUTOLTSIS 
AT 36"C. : 

i 

1 

A 

NOTHING ADDED 

D 

CREATININE ADDED 

10 mfC. 

C 

CREATINE added 

11. 0 m;:. 

Total creatinine 

Preformed ere- 
atinino 

Creatino 

Total creatinine 

Preformed cre- 
atinine 

Creatino 

Total creatinine 

Preformed cre- 
atinine 

Creatine 

ctays I 




1 1 






1 


7.1 

2.6 

5.2 

1 






1 

4 

7.1 

3.3 

4.4 

i 16.3 

12.1 

4.9 

16.4 

3.8 


X 

L 10 

n 

2.0 

5.9 

16.7 

10.0 

7.8 . 

17.1 

3.8 

15.4 

■a 1 

f 0 


1.9 

5.0 

15.9 

11.6 


15.9 

1 

: 2.2. 

.15.9 

xs \ 

4 


4.5 

4.6 

18.5 

12.8 

6.6 

17.9 

4.4 

15.7 

^ 1 

1 10 

9.7 

4.3 

6.3 


11.8 

8.3 


5.0 

17.9 


possible interference of sugar with the estimation of creatinine, 
sugar estimations were made. The results were negative in this 
respect, as may be observed from the table. 

An inspection of the data presented in Table XI shows that 
creatine is transformed to creatinine in the autolyzing muscle 
of the hen in a manner directly comparable to that noted in 
the cat and rabbit. Since the excretion of the hen contains 
creatine instead of creatinine,*® the above findings lend some sup- 
port to the argument advanced by Folin and Denis that the 

” Folin and Denis: this Journal, xvii, p. 491, 1914. 

Folin and Denis: ibid., xvii, p. 501, 1914. 
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changes encountered in autolysis are of a post mortem nature. 
The excretion of creatine by the fowl is a topic in need of further 
investigation.*® 

A number of autolj^sis e.xperiments has been carried out -ndth 
tissue other than muscle, but onl}- two sets will be reported. 
The first series of autob’ses was conducted with rrdxed human 
hlood, 5 cc. being diluted with 15 cc. of 0.9 per cent sodium chlor- 
ide solution, and 2 cc. of toluene added as preservative. In the 
second set 2.5 gram portions of fineh' ground rabbit liver were 
diluted udth 10 cc. of the saline and 2 cc. of toluene. 


T.mLE xni. 

Aulolysis of rabbit liver. 
(Figures represent mg. per 100 gm.) 


PERIOD 

OF 

AUIOLTBIS 
AT 35* C. 

A 

NOTHING ADDED 

B 

CREATININE \DDED 

20 0 mg. per 100 gm. 

c 

CBENTINE ADDED 

23.2 mg. per 100 gm. 

o 

C 

1 u 

*2 

! j 

! 5o 
S,5 

c 

a 

5 

Totiil crcfttlnino 

i 

h* 

V 

1 J 

0.5 

1 = 

Crciitino 

Total orcnttnino 

Prclormcd cro- 
ntinino 

G 

6 












£ 1 


36 5 

3 3 

3S 3 








i~3 

30 8 

9 5 

24 7 




46 0 

10 4 

41 3 (IS 1) 

! 

! 

■ 

22 5 

10 9 

13 9 

44 4 

24 7 (4 7) 

22 9 

45 0 

12 I 

3S 2 (15.0) 



21 4 

3 0 1 

21 3 i 

45 4 

23 3 (3 3) 


43 5 

3 S 

46 2 (23 0) 

■ 

! 3 

40 0 

9 1 

33 9 



■1 

58 0 

10 2 

55 5 (32 3) 



39 2 

8 9 

39 2 

56 4 

19 6 (- 4) 

IB 

56 4 

9 5 

54.4 (31 2) 


Folin’s new methods’” for the estimation of the creatine and creatinine 
(in blood) were employed in both cases. The material was made up to 
some definite volume, 25 or 50 cc., with distilled water, treated with suffi- 
cient dry picric acid to remove the proteins and saturate the solution, 
centrifuged, and filtered. For the creatinine estimations 10 cc.portions 
were treated with 0.5 cc. of 10 per cent sodium hydroxide and compared 
in the Duboscq colorimeter with standard solutions of creatinine (0.2, 
0.5, and 1.0 mg. to 100 cc.) in saturated picric acid similarly treated. For 
the creatine 5 cc. portions were autoclaved in the usual way, diluted to 


*’ In two cases we have determined that the preformed creatinine of 
the hen’s excreta represents onlj-^ 10 per cent of the total creatinine, sup- 
porting Paton’s findings with regard to the excretion of creatine. 

Folin; this Journal, xvii, p. 475, 1914. 
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10 cc. -with saturated picric acid, and further manipulation was carried out 
in the same way as for the creatinine. 

An inspection of the control determinations in Table XII ap- 
pears to support the general accuracy of Folin’s method. The 
figures for the preformed creatinine in A and C show a progressive 
increase in the samples not heated, though in the heated controls 
there was essentially no change. In aU the unheated specimens 
there was an increase in the creatine. This was most noticeable 
in B, where creatinine had been added, and inhibited any trans- 
formation of creatine to creatinine. In general it may be said 
the experiments on the blood support the preceding experiments, 
and in addition indicate an increase in the determinable amount 
of creatine. 

The experiments in Table XIII are scarcely as easy of expla- 
nation as those reported in Table XII. Apparently a variety 
of factors is at work, and we obtain here results similar to those 
observed in many of the experiments of Gottlieb and Stangas- 
singer. An inspection of the table, however, does appear to dis- 
close the same increase in creatinine and creatine as noted in the 
experiments with blood. 

DISCUSSION AND SUMJIARY. 

Our present study deals primarily with the relation between 
creatine and creatinine in pure solutions and in autolyzing tissues 
under various conditions. Such studies can at best constitute 
only indirect evidence as to the processes taking place in the 
body. Despite the indirect nature of the evidence, however, the 
results tend so persistently in one direction, that we have ventured 
to formulate a working hypothesis as to the metabolic relationship 
between creatine and creatinine. 

From the data presented it is evident that creatine is trans- 
formed to creatinine, and creatinine to creatine, even in pure 
solution, at a very constant rate which represents about 0.5 per 
cent per day at body temperature. This should be borne in 
mind in any study of the relation between these two substances. 

In muscle tissue autolyzing at body temperature the rate of the 
transformation of creatine to creatinine is sufficiently rapid (more 
than three times that in pure solution) to be almost directly com- 
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parable rvitb the rate of creatinine formation in the body. Since 
the creatinine is removed by the kidney almost as rapidly as it is 
formed, this (supposed) transformation in the body must always 
proceed at the maximum intensity. 

Changes in temperature have the same general effect on the 
formation of creatinine in autolyzing muscle tissue that changes 
in body temperature (fever) exert upon the elimination of creati- 
nine. Creatine added to autolyzing muscle experiences the same 
fate as the creatine originally present, while added creatinine in- 
hibits the reaction, or if added in sufficient quantity causes it to 
proceed in the opposite direction. 

The muscle tissue employed in most of the autoh'sis experi- 
ments reported was that of the rabbit, although data are also given 
for the cat, dog, and hen. Some experiments, not reported but 
showing the usual increase in creatinine on autolysis, have also 
been carried out on human tissue. The results with the rabbit, 
cat, and hen are directly comparable. There was the same con- 
version of creatine to creatinine and no apparent destruction of 
either of these substances. In our dog autolyses, it should be 
noted, however, that the creatinine did not increase after a cer- 
tain period and there was an appreciable drop in the total creati- 
nine. 

Experiments carried out with autolyzing human blood showed 
an increase in both the creatinine and the creatine, and somewhat 
similar observations were made in experiments with rabbit liver. 
It is not the object of the present paper, however, to discuss the 
formation of creatine or the destruction of both substances in 
the organism. Experiments are being conducted on nephrecto- 
mized animals which we hope will throw some light on this sub- 
ject.-’ That there was no destruction of creatine or creatinine 
m our muscle autolyses would appear, however, to possess some 
significance. To what extent the changes above noted are con- 
trolled by enzjTnes, and in what degree they are of purely chemi- 
cal nature is a matter which we feel cannot be discussed advan- 
tageously at present. 

According to published data the metabolism of creatine and 
creatinine in the fowl differs considerably from that in mam- 


Myers and Fine: Ptoc. Soc. Exper. Biol, and Med., xii, p. 41, 1914. 
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mals. Creatine, instead of creatinine, is excreted in the urine, 
and a very low concentration of creatinine in the blood has been 
reported by Folin and Denis.-- From a comparative standpoint 
the metabolism of these substances in the fowl is of considerable 
interest. Our experiments here reported on autolyzing hen 
muscle disclose no differences from similar experiments on the 
rabbit and cat, nor do our observations confirm the findings of 
Folin and Denis of the absence of creatinine from the blood of 
birds. The close similarity in the autol^diic relationship of creatine 
and creatinine in birds and mammals, and the difference in the 
metabolism of these two substances in the two groups of animals 
do, it must be admitted, appear to set definite limits to the appli- 
cability of studies in vitro to processes taking place in the living 
organism. It is possible that studies upon the hen similar to 
those carried out upon rabbits would disclose valuable informa- 
tion upon the creatine-creatinine problem in general. Until such 
work is done, the point above raised cannot be advantageously 
discussed. 

Our various observations bearing upon the relation between 
creatine and creatinine, and the metabolic significance which 
they appear to us to indicate, may be summarized as follows : 

1. Muscle creatinine. Creatinine is present in muscle tissue in 
higher concentrations than in other body tissues.-^ This obser- 
vation strongly suggests that muscle tissue is the site of creatinine 
formation. It is of further interest in this connection that most 
of the creatine of the body is present in the muscle tissue. 

2. Muscle creatine. Since the creatine of the muscle tissue has 
a relatively definite concentration for a given species of animals,-^ 
it is logical to assume that it is very constant for an individual 
animal. In the present autolysis experiments with muscle tissue 
it has been shown that creatine is converted to creatinine at a 
very constant rate. This same reaction in the body would ac- 
count for the well known constancy in the excretion of creatinine. 

3. M^iscle creatine and urinary creatinine. Since the muscle 
creatine and urinary creatinine are constant, there must be a 
definite ratio between the two. This would be the equivalent 

Folin and Denis: loc. cii. 

Myers and Fine: this Journal, xxi, p. 387, 1915. 

Myers and Fine: ibid., xiv, p. 9, 1913; xxi, p. 390, 1915. 
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of a daily conversion of creatine to creatinine of about 2 -per cent. 
When creatine is administered to man or animals, there is a slight 
conversion to creatinine which corresponds verj’- well with this 
figure and in autolyzing muscle tissue there is practically the 
same rate of transformation. In fevers there is a definite rela- 
tionship between the rise in body temperature and the creatinine 
excretion;^® and a rise in temperature has the same influence upon 
the formation of creatinine in autolj^sis. 

If the experimental data here presented cannot be regarded as 
direct^ bearing upon the relajiionship existing in vivo between 
creatine and creatinine, they nevertheless constitute a strong set 
of arguments supporting our working hj^iothesis. 

Myers and Fine: ibid., xvi, p. 169, 1913; xxi, p. 377, 1915. 

Myers and Volovic: loc. cit. 




CONCERNING THE DISTRIBUTION OF CYANOGEN IN 
GRASSES, ESPECIALLY IN THE GENERA PANI- 
CULARIA OR GLYCERIA AND TRIDENS 
OR SIEGLINGIA. 

By carl L. ALSBERG and OTIS F. BLACK. 

{From the Office of Poisonous Plant, Drug Plant, and Physiological Investi- 
gations, Bureau of Plant Industry, United States Department of 
Agriculture, Washington.) 

(Received for publication. May 20, 1915.) 

The investigation, here presented, is the beginning of a survey 
for hydrocyanic acid in the grasses of the United States. 

It is stated by Greshof‘ that cyanogen, or hydrocyanic acid, is widely 
distributed among the Gramineae, or grasses. Various species of the 
genera Stipa, Panicularia, Briza, Calabrosa, Elymus, Pestuca, Gynerium,^ 
Melica,^ Holcus, Lamarckia, Poa, Panicum, Sorghum, Andropogon, Zea, 
and Bamiusa are now recognized as cyanogenetic. Appreciable amounts 
of hydrocyanic acid in the form of glucosides have been detected in various 
species of Bamhusa in the young parts of the plants.’ Couperot* reports 
analyses for hydrocyanic acid in a number of European species of Festuca. 
In only one case of these, Festuca Poa Kunth, has cyanogen been reported. 
A number of species of Andropogon have also been analyzed. That many 
of them are cyanogenetic is well known. The occurrence of cyanogen in a 
European species of Panicularia, P. grandis, has been reported by Joris- 


’ M.Greshof; Phytochemical Investigations at Kew. Bulletin of Miscel- 
laneous Information, Royal Botanic Gardens, Kew, No. 10, p. 417, 1909. 

’A. Jorissen: L’acide cyanhydrique chez les vdgStaux, Bull, de I’Acad. 
roy. de Belg., p. 1202, 1913. 

’0. Walter: T. Krassnosselska, N. Maxinow, and IV. Maltschewski: 
Uber den Gehalt und die Verteilung von Blausaure im Bambusrohr, Bull. 
Acad. St. Pitershourg, 1911, pp. 397-426, through Chem. Zentralbl., Ixxxii, 
p. 1864, 1911. 

* E. Couperot; Sur quelques v6g6taux h acide cyanhydrique. Jour, 
de Pharm. el Chim., series 6, xxviii, p. 542, 1908. 


601 



602 


Cyanogen in Grasses 


scn.‘ Hubert® found cyanogen in certain Argentine species of the genus 
Stipa, reported to be poisonous. Apparently, Slipa Vascyi Scribn., the 
sleepy grass of the Southwest, which is reported to be poisonous to stock, 
has not hitherto been tested for cj’^anogen. No records seem to have been 
made of analyses of Tridens for cyanogen. In spite of the reports concern- 
ing so many species of grasses there has been little systematic search for 
this substance. There is no record of a chemical examination of any 
species of the majority of the genera considered in this paper. Only 
Agropyrum repens, Festuca,’’ Panicum (Digilaria) sangintialc,^ Uniola 
lalifolta,^ and species of Bromus^ have been e.xamined by the usual methods 
for feedingstuffs. 

In Europe veterinarians have repeatedly recorded instances of poison- 
ing of stock by Panicularia fluitans^^ and by P, agualica, which latter was 
formerly known as Glyceria spcctabilis or Poa aqnalica.^^ The presence 
of cyanogen in P. aquatica, though recorded by Jorissen,*= was not known 
to these veterinarians. The only other examination of this plant, made 
by Arendt and Knop,*^ does not mention cj'anogen. Since the veterina- 
rians, above cited, had observed that hay from these grasses was fed without 
toxic results, and since the green grass found to be poisonous was infested 
with the smut, Ustilago longissima, the toxic action was attributed by them 
to the fungus and not to the grass. Similarly, an unpublished case of 
poisoning, alleged to be due to Epichloea typhina, parasitic upon Panic- 
vlaria nervaia, has been reported to this Laboratory. 

A list of the grasses examined by us is given in the table. The 
material of Panicularia nervata (Willd.) Ktze. { — Glyceria ncr- 

^ Jorissen: Bull, de I’ Acad, roy. d. sc. ct d. Beaux-Arls dc Belg., scries 
3, v'iii, p. 258, 1884. 

® A. Hdbert: Recherches sur la presence de I'acide cyanhydrique chez 
diverses plantes (2° mdmoire). Bull. Soc. chim., series 3, xxxv, p. 919, 1906. 

^ C. Weluner: Die Pflanzeiistoffc, Jena, 1911, p. 60. 

* P. Collier: Report of the Botanist and CJiemist on Grasses and Forage 
Plants, Annual Report of the Commissioner of Agriculture for the year 
1878, Washington, 1879, p. IGO. 

® E. Wolff: Aschenanalysen von landunrthschaftlichcn Produkten, Fahrik- 
Abf alien und wildioachsenden Pflanzen, Berlin, 1871, pt. i, p. 42. 

C. Dammann: Die Gesundhcitspflcge der landwirtscliafllichcn Hauslicrc, 
Hannover, 1886, p. 706. Kopke: Vergiftungen durch Schilfgras welches 
Brandpilze enthiclt. Mittheilungcn aus der thierarztlichcn Praxis im 
preussischen Staate, i, p. 112, 1876. Kopke: Vergiftungen durch ScMlfgras, 
iii, p. 137, 1878. J. Eriksson: Giftiges Sussgras, Glycerin spcctabilis 
von Ustilago longissima befallen, Ztschr.f. Pflanzenkr., x, p. 15, 1900- 

Dammann: loc. cit., p. 707. 

Jorissen: loc. cit. 

R. Arendt and W. Knop: Grasunlcrsuchungcn, Die landunrlhschaft- 
lichen Vcrsuchs-Stniionen, ii, p. 40, 1860. 



C. L. Alsberg and 0. F. Black 


603 


Tata Trin.) was collected in the vicinit}’ of Washington, D. C., 
except one sample, which was collected 63’’ Mr. W. N. Suksdorf, 
of Bingen, State of Washington. The material of P. canadensis 
(Michx.) Ktze. (=(?. canadensis Trin.) and P. grandis Nash. 
{=grandis Wats.) was collected 63' Dr. A. J. Eames of Cam- 
bridge, Mass. P. sepienlrionalis Bickn. (=<?• septenirionahs 
Hitchc.) was collected in Hartford Cit3', Indiana, 63' hlr. Charles 
C. Deam. P. fluiians Ktze., i=G. fltiitans) and P. pauciflora 
Ktze. i= G. pauciflora) were collected 63-^ Mr. W. N. Suksdorf 
in Klickitat Count3', Washington. Both freshl3' gathered and 
dr3" material of P. nervata were examined. P. canadensis, P. gran- 
dis, P. fluiians, P. pauciflora, and P. sepienlrionalis were sent to 
the laborator3’’ in a small amount of alcohol. Hence, the find- 
ings on this material ma3^ not be sufiicieDtl3^ conclusive. AH 
samples were examined as soon as they reached the laborator3'. 
This, of course, means that samples gathered in the immediate 
vicinity were examined the same da3'. Those sent from other 
places in the East were examined within two da3’s of the time 
the3’- were gathered, while the samples from the State of Wash- 
ington had been gathered about a week before they were ex- 
amined. The material for the examination of Tridens was gath- 
ered in the vicinit3’ of Washington, D. C. The sample of Slipa 
Vaseyi was collected in Southern California while the plants 
were in seed, and dried before sending, the dry material having 
been kept about six months before examination. From the 
seeds young plants were grown in the greenhouse of the Depart- 
ment of Agriculture. These plants were examined, after freshly 
gathering, when they were from six to sixteen inches tall. The 
samples of Festuca nutans Willd. (=P. obiusa Spreng.), Zizania 
aguatica L. {=Z. Palustris L.), Capriola Daclylon (L.) Ktze. 
{=Cynodon Dactylon Pers.), Agropyrum repens (L.) Beauv., 
Digitaria sanguinalis (L.) Scop. {=Panicum Sangidnale L.), 
Homalocenchrus virginicus (Willd.) {=Leers{a virginica Willd.), 
Homalocenchnis oryzoides (L.) Poll. (=Leersia oryzoides Swartz), 
Echinochloa Crus-Galli (L.) Beauv., Hystrix palula Moench., 
and Uniola lalifolia Michx. were collected in the neighborhood 
of the District of Columbia and were examined in the green state 
the da3’’ the3’’ were gathered. The remaining plants, given in 
the table, consisted of dried material, one to three 3’’ears old, 
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from the botanical collections of the Office. Bro 7 m(s pohjanihiis 
Scribn. was infested with the smut, Usiilago bromivora. 

To detect cyanogen, definite weights of the plants were cov- 
ered in a liter distilling flask with 300 to 400 cc. of 5 per cent 
sulphuric acid and distilled through a condenser into alkali, 
the alkali always remaining in excess. The distillation was 
continued until portions of 50 cc. of distillate by the Prussian 
blue and sulphocj'-anide tests showed no hj’-drocyanic acid present. 
The quantitative determinations were made in the distillate at 
first by the Liebig silver nitrate method. This was abandoned 
because it was unsatisfactorj'-, and the remaining determina- 
tions were made bj'- the Prussian blue method of Berl and Delpy.^'* 
In Experiment 15 of the table the green plants, instead of being 
distilled with acid soon after gathering, were macerated with 
distilled water and allowed to stand twenty-four hours before 
adding acid and distilling. 

Consideration of the table shows that only Tridens Jlavus, 
Panicularia nervata, P. grandis, and P. canadensis contain hydro- 
cyanic acid. The absence of cj'-anogen in Siipa Vasexji, the 
sleepy grass of the Southwest, is of interest, both because this 
grass is very generally reputed to be poisonous to stock and be- 
cause certain Argentine species of this genus have been found 
by Hdbeii; to contain cyanogen. The discovery of cyanogen in 
Tridens flaws is interesting since it has not previously been re- 
ported in this genus. The quantities of cyanogen found are very 
small and after the plant is in seed none is present. Grazing 
stock may be observed to avoid it, perhaps because of the tar- 
like matter at the nodes. For these reasons, though it is a very 
common grass, it is not a factor of practical importance in grazing. 
However, it is well to bear in mind that a plant ordinaril}" con- 
taining small amounts of cyanogen may at times develop larger 
quantities, and, furthermore, that some animals may show idio- 
syncrasies of taste. The American species Panicularia nervata, 
P. caxiadensis, and P. grandis have not heretofore been reported 
to contain cyanogen. No cyanogen was found in P. septcntrioxi- 
alis, in P. fluitans, or in P. pauciflora. The examination of the 

»<E. Berl and M. Delpy: Uber die quantitative colorimetrisclic Bes- 
timmung kleiner Blausiiurc-Mengen, ’ i?cr. d. dcutsch. chent. Gescllsch., 
xliii, p. 1430, 1910. 
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three last named species is not, however, absolutelj' conclusive; 
since the material tested was either drj’’ ex' preser\’’ed in a small 
amount of alcohol. The absence of cyanogen in these species 
is interesting; since they belong to a group of the genus rather 
distinct from that to which the cj’^anogenetic species belong. 
However, the accumulation of detectable quantities of cyano- 
gen in a single species or group of species of a large genus is not 
unusual. 

The presence of C 3 'anogen in Glyceria aquatica is probably 
the cause of toxicity in this grass. It was, probabl}’, a mistake 
to attribute the toxicity to the fungus, Ustilago longissima,^^ 
cj^anogen being more likely the toxic factor, since no one has j'et 
been able to demonstrate that any species of Ustilago is poisonous. 

The fact that the grass when infested with the fungus was 
sometimes observed to be non-toxic, is not conclusive evidence 
that the fungus was the toxic element, as shown bj^ the studies 
on P. nercata, herein recorded, since the c 5 'anogen content of 
plants varies with the different stages of growth. Moreover, it 
is well known that the cj'anogen content varies with the condi- 
tions of growth. Plants containing cj'anogen may lose much 
of their toxicity in di^dng, especially when the drjdng process is 
a slow one, as would be the case in haj’^-making. However, as 
may be seen by reference to the table, P. nervata, dried on stand- 
ing over night, spread on the laboratory’’ table, still retained most 
of its cj^anogen. Furthermore, the sjunptoms described by the 
veterinarians resembled poisoning by"- cyanogen-containing plants, 
such as immature sorghum. Thus Kopke reported that the 
first symptoms followed almost as soon as feeding began, before 
a great quantity of fodder had been consumed. The animals 
then fell down, the temperature became subnormal, the pulse 
small, and the respiration rapid. When the fodder proved fatal 
the animals died in one and one-half hours. Eriksson reported 
that one and one-half hours after the grass was fed the cattle 
exhibited diarrhea, a subnormal temperature of 37.4° C., cold- 
ness of the skin, a tendency^ to lie down and withhold milk, and 
difficulty' in getting up. On one occasion all of the animals re- 

** Jorissen: loc. cit. 

“Eriksson; loc. cit. 
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covered in one and one-half hours; on another some were so 
sick they had to be slaughtered. 

The conditions of poisoning with P. nervata seem similar to 
those above described. In this plant, also, as above stated, a 
fungus was first suspected, but it seems more probable that the 
toxic effect is due to the large amount of cyanogen that may be 
found in the plant. While no careful description of the symptoms 
of poisoning are available, it is stated that a very small quantity 
of the plant was sufficient to kill stock and the course of the poison- 
ing was exceedingly rapid, the death of calves occurring in a few 
minutes in some cases, in a few hours in others. Wliile, therefore, 
there is abundant evidence that P. nervata is dangerous to stock, 
it is astonishing that greater losses do not occur in the Eastern 
United States where this plant is widely distributed. As it does 
not grow in dense stands, ordinarily an animal would not con- 
sume considerable quantities in a short time; and, furthermore, 
the commonest station is in bogs or sloughs where cattle seldom 
browse. In addition, the fact that the cyanogen content of 
plants may vary greatly must be considered. 

An effort was made to test the toxicity of P. nervata by feed- 
ing the freshly gathered green grass to rabbits. But, even when 
starved, the animals did not eat the grass. Concentrated extracts 
from the grass could not be so prepared as to contain hydro- 
cyanic acid. Hence, when these were fed to rabbits they proved 
to be innocuous. 

Efforts to isolate a cyanogenetic glucoside from P. nervata 
have not yet been very successful. The methyl alcohol extract 
of the fresh plants was concentrated under diminished pressure 
with the addition of a little calcium carbonate. The residue 
was extracted with water and filtered. The aqueous solution 
was extracted with acetic ether and the extract concentrated 
to a syrup under diminished pressure in the presence of a little 
calcium carbonate. It was then filtered and set aside. Aftci’ 
a few weeks a few crystals were obtained. The bulk of the syrup 
containing most of the cyanogen failed to crystallize. 

The few crystals obtained were nearly insoluble in methyl alco- 
hol, ether, benzol, chloroform, and acetic ether in the cold, though 
they were slightly soluble in ethyl alcohol and very soluble in 
water. The yield was too small to purify. Wlien suspended in 
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ethyl alcohol it melted just below the boiling point of the alcohol. 
On hydroij'sis with mineral acid c3mnogen is formed and the 
solution reduces Fehling’s reagent. The substance is rather labile, 
easily losing cyanogen and forming a substance crj-^stallizing 
from ether in white needles melting at 59° C. (uncorrected) and 
having the appearance of a fatty acid. 

W^th the knowledge of the c3'anogenetic substance thus ob- 
tained it became apparent that other methods for its isolation 
must be developed. Water is the only solvent found to extract 
it completely from the plant. The wateiy extract was treated 
■vith saturated barium hydrate solution as long as a precipitate 
formed. After filtration the excess of barium was removed with 
carbonic acid. The resulting clear, pale solution was concentrated 
by freezing out the water in an ordinary ice cream freezer and 
removing the ice cr3'stals by suction. In this way a fairl3’- con- 
centrated solution containing cyanogen was obtained. Lead 
acetate did not precipitate the substance. On addition of al- 
cohol the substance was precipitated with impurities from which 
it could not be separated. A number of other methods were 
tried without success; since the substance decomposes rapidly 
even in neutral solutions. 


SUMMARY. 

Twenty-two' species of American grasses were tested for c3'^ano- 
gen. Of these, cyanogen was found in Tridens flavits, Panicularia 
nervaia, Panicularia grandis, and Panicularia canadensis. Three 
other American species of Panicularia examined, ■pauciflora, 
fluitans, and sepientrionalis, did not contain it under the condi- 
tions of the examination. Stipa Vaseyi, sleepy grass of the 
Southwest, generally regarded to be poisonous, contained no 
cyanogen. 








THE AMINO-ACID CONTENT OF CERTAIN COMMER- 
CIAL FEEDINGSTUFFS AND OTHER SOURCES 
OF PROTEIN. 

Bt e. h. nollau. 

(From the Chemical Laboratory of the Kentucky Agricultural Experiment 
Station, Lexington.) 

(Received for publication. May 28, 1915.) 

In the spring of last year it was suggested to me by Dr. Kastle 
that it might be of interest to study the distribution of the nitro- 
gen of the amino-acids in the mixed proteins of commercial 
feedingstuffs and other sources of protein. Such information 
might prove of interest as throwing light on the constitution of 
mixed proteins and might also prove of great importance and 
value in the practical problems of animal nutrition. 

The recent work of Mendel and Osborne and also that of AIc- 
Collum, in the feeding of isolated proteins, has shown that cer- 
tain amino-acids are essential for growth and maintenance. 
Their work has shown that the presence of the amino-acid, lysine, 
is necessarj’- for normal growth. Likewise the}’’ have shown 
that trj^ptophane is necessary in the amino-acid make-up for main- 
tenance, and more recently cystine has been found to play an 
important part in normal nutrition. A new light has been thrown 
on the subject of nutrition bj-- these masterl}’^ investigations, and 
there is no doubt that many of the older ideas concerning 
animal feeding vdll have to be abandoned. With such informa- 
tion at hand nutrition experiments will no doubt be placed on a 
more rational basis than heretofore. In fact, it is probablj" 
not too Utopian to expect that protein feeding in the future 
will be based rather on the amino-acid make-up than on the 
results of past feeding experiments. 

With such ideas as these in mind a S5'stematic studj’- of the nitro- 
gen distribution in commercial feedingstuffs and a few other 
sources of protein has been undertaken. 
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The methods for isolating the amino-acids, yielded by hydro- 
lyzed proteins, as originally proposed by Kossel and Fischer, 
have given us most of our present knowledge of the composition 
and chemical nature of the protein molecule. The application 
of these methods, however, is somewhat limited on account 
of the large amount of material necessary, and chiefly for the 
reason that the methods for determining most of the amino- 
acids are not quantitative. The most careful work accounts for 
only about one-half to two-thirds of the protein molecule. This 
is, however, little more than we would expect when we con- 
sider the many possible sources of error due to the manipula- 
tion necessary in the procedure. 

The method used in determining the nitrogen distribution in 
the results herein presented is that described by Van Slyke,^ with 
a few minor changes which will be noted later. This method 
is based, not on the isolation of the amino-acids, but on the deter- 
mination of their characteristic chemical groups. 

The samples of commercial feedingstuffs and other protein sub- 
stances were ground so as to pass through a 40 mesh sieve. The 
fat was removed by extracting the finely ground sample with 
ether. This removal of fat was found advantageous in that it 
obviated foaming during the hydrolysis and facilitated the 
measuring of an aliquot portion later in the analysis, by giving 
a clear liquid. 

The hydrolysis was carried out with 20 per cent hydrochloric 
acid in a tared flask under a Hopldns reflux condenser. At in- 
tervals of six or eight hours the hydrolysis was stopped, the 
flask and contents were cooled, and portions of 1 cc. withdrawn 
by a pipette. These portions were diluted to 10 cc,, and the 
amino-nitrogen was determined in the Van Slyke apparatus.- 
The hydrolysis was continued until the amount of amino-nitro- 
gen was constant. The flask and contents were weighed after 
withdrawing the sample, these weights serving to detect concen- 
tration in the solution by loss of vapor. A considerable amount 
of fiber was left in some of the samples after the hydrolysis was 
completed. This was carefully filtered off and the resulting 
clear solution of amino-acids used for the analysis. 

' D. D. Van Slyke: this Journal, x, pp. 15-55, 1911-12. 

= Van Slyke: ibid., xii, pp. 275-284, 1912. 
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The solution of hydrolyzed protein was concentrated under 
diminished pressure in order to remove as much of the hydro- 
chloric acid as possible. The sj*rupy residue was taken up with 
warm water and transferred to a measuring flask of 250 cc. capa- 
city. Aliquot portions were then taken for the determination 
of total nitrogen by the Kjeldahl method, on the basis of which 
the final results were calculated. 

The few minor changes in the original method were notable as 
regards certain dilutions which facilitated the handling of the 
several fractions. All determinations were made in duplicate. 
The results of these determinations are given in Table I. 

As far as could be ascertained the presence of sugars resulting 
from the hydrolysis of starch and other carbohydrates in some 
of the original samples introduced no complications and inter- 
fered in no way with the analysis; neither did the gmns and 
resins contained in the commercial feedingstuffs of plant origin. 
All results are corrected for the solubility of the bases. 

An examination of the results given in the table shows many 
marked individual peculiarities of the different mixed proteins. 
Among such peculiarities may be mentioned the absence of his- 
tidine in distillers’ dried grains and in the cow-pea; the absence 
of non-amino-nitrogen, representing proline and oxyproline, 
in wheat bran and the maize kernel. The relatively large amount 
of lysine present in the soy bean, distillers’ dried grains, wheat 
bran, dried blood, maize kernel, hemp-seed, and sunflower seed 
is especially noteworthy. In contrast to this we have an ab- 
sence of lysine in rice,’ oat grain, rolled oats, and barlej’’ grain. 
The mono-amino-acids constitute, in most cases, about one-half 
of the amino-acids present. The high ammonia content and the 
low lysine content of gluten (wheat) and gluten flour is marked. 
Similar results have been obtained in the analysis of gliadin by 
Van Slyke.'‘ 

The high arginine content of the peannt, black walnut, and 
hickory nut as compared with the relatively small amount of 
arginine in the pecan is noteworthy. The reverse of this is 
found in the histidine content of these nuts. Manj' other peculiar- 
ities and interesting facts presented by the results could be pointed 

’ See footnote under Table I. 

* See note 1. 
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Distrihulion of nitrogen in various protein substariccs. 



o 

< 

55 

2 

< 

CYSTINE N 

z 

s 

o 

G 

< 

HISTIDINE N 

55 

55 

>• 

nS 

•Ti ^ 

vl u 

z 

o 

0 

'i 

§3 

t 1 

^'ho 

° -« 
C c 

^ c.f 


per 

per 

per 

per 

per 

per 

per 

pel 

per 


cent 

cent 

cent 

cent 

ccnl 

cent 

Cent 

cent 

cent 

Soy bean 

12.97 

3.09 

1.52 

15.52 



48.76 

7.12 


Distillers' dried grains 


8.21 

3.02 

11.27 


E1RI 


10.60 


Cottonseed meal 

Big 

6.27 

2.74 

12.77 

7.57 

1.94 

kSiIk 

RE 


Cow-pea 

11.83 

9.57 

0.74 

15.98 

■IMITI 

3.56 

46.70 

0.5S 

04.90 

Wheat bran 

9.67 

13.75 

5.96 

12.53 

3.84 

4.04 

49.95 


99.74 

Maise kernel 

4.03 

mmm] 

4.00 

16.19 

4 45 

8.53 

49.69 


Em 

Homp-soed 

9.93 

4 15 

2.05 

21,38 

3 01 

0,71 

44.20 

6. 28 

90.73 

Bice* 


9.9S 

6.97 

11.94 

3,18 

EESI 

38.83 

15.90 

97.03 

Sunflower seed 

15.42 

5.73 

2.98 

16.80 

4.56 

4,80 

45.32 

5.27 

100.92 

Rolled oats 

13.12 

2 60 

5.22 

12 12 

■lUlifl 


46.99 

12.08 

103.27 

Oat grain 

13.31 

2.97 

4.48 

11.42 

9.58 


43.49 

11.29 

96.54 

Sprouted oats 

13.18 

2.40 

5.32 

11.26 

■Wifi 


41.61 

12.48 

90.56 

Barley grain , 

16.19 

2.87 

4.38 

8.65 

6.70 


44.16 

18,37 

101.32 

Rye grain 

15.00 

1.54 

2.20 

illKUi 

10.48 

1 24 

37.90 

21.63 

100.52 

Swift’s digester tankage 

■iiKili] 

6.88 

2.46 

12.34 

2.18 

2 50 

54.73 

■Will 

100.13 

Armour's dried blood 

0.19 

mmm 

2.02 

7.72 

8.37 

9.97 

51.53 

3.94 

95.44 

Unroasted peanut 


4.36 

0.81 


6.13 

5.31 

62.36 

1.40 

99.12 

Black walnut 

IHBII 

4.53 

1.27 

23 77 

5.98 

3.49 

45.01 

3.12 

97.90 

Shellbark hickory nut 

9.47 

6.59 

1.58 

24.24 

0.66 

3 37 

43.25 

7.48 

103.61 

Pecan 

BKSjl 

0.21 

2.87 

0 91 

21 01 

3.25 

42.28 

7.89 

100.75 

Gluten flour 

22.99 

1.31 

2.12 

8 86 

5 IS 

UKIW 

49.19 

7.07 

97.72 

Gluten (wheat) 

22 .53 


1.91 

7.01 

5 57 

D 



97.95 


• Dr. Van Slykc hag boon kind onouBh to call my attention to the fact that possibly there 
is on error in the cystine determinations in the rice, barley, and oats of the above series, ns 
the result of which the cystine in these grains hag been found to bo too high and the lysine 
correspondingly low. An olTort la being made to settle this point at the present time. 


out, but the above will suffice to show the marked differences 
in amino-acid content shown bj'’ these commercial feedingstuffs 
and various other sources of proteins. 

In conclusion, I desire to acknowledge mj’’ indebtedness to 
Dr. Joseph H. Kastle for valuable suggestions during the prog- 
ress of this investigation. 


















THE INFLUENCE OF THE COMPOSITION AND AMOUNT 
OF THE MINERAL CONTENT OF THE RATION 
ON GROWTH AND REPRODUCTION.^ 

By E. V. McCOLLUM and iVLARGUERITE DAWS. 

{From the Laboratory of Agricultural Chemistry of the University of 
Wisconsin, Madison.) 

(Received for publication, May 7, 1915.) 

That the sodium, potassium, calcium, magnesium, phosphate, 
chlorine, and sulphate ions play an essential role in living pro- 
toplasm is a fact generally accepted. That the ion-protein com- 
pounds determine the peculiar properties of the membranes of 
living tissues is highly probable," and tbe constancy of com- 
position of these combinations of ions with proteins in most of 
the body tissues is maintained only when the concentrations of 
the several ions in the liquid medium, the blood and lymph, 
remain constant within certain limits. The sensitiveness of the 
heart muscle to “unbalanced” salt solutions,® and of eggs de- 
veloping in sea water to which a single basic ion as magnesium 
or potassium has been added in excess’ suggests that even slightlj^ 
abnormal relationship between certain ions in the blood, if main- 
tained for a prolonged period, may prove detrimental to the 
higher organisms. 

Students of nutrition have until recently laid emphasis only 
upon the need of an adequate supply of each of the essential 
inorganic constituents of the diet, the assumption being made 

’ Published vith the permission of the Director of the Wisconsin Experi- 
ment Station. 

’ J. Loeb; The Dynamics of Living Matter, New York, 1906. For an ex- 
tensive review of the literature relating to the role of inorganic ions in 
physiological processes, see T. B. Robertson: Ergebn. d. Physiol., x, p. 216, 
1910. 

’ W. H. Howell: Am. Jour. Physiol., ii, p. 47, 1899; vd, p. 181, 1902, gives 
the literature and a discussion of the part played b 5 " the several ions in 
their action on the heart. 

’ C. R. Stockard: Arch.f. Entwcklngsmechn. d. Organ., xxiii, p. 249, 1907. 
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that an excess of any element over what is needed can be easily 
eliminated through excretory channels. The question as to the 
possible injury which might result from taking for long periods 
a mineral mixture of unsatisfactory composition did not arise 
as a serious one until an attempt to nourish calves to maturity 
on rations derived from a single plant source was made at the 
Wisconsin Experiment Station.^ Efforts were made at that time 
to modify the mineral content of a ration derived from the wheat 
plant, which was an inadequate source of nutriment, b}”- salt 
additions in order to imitate the base content carried by the 
highly successful ration derived solely from the corn plant. 

This problem is an important one in experimental work involv- 
ing nutrition during a long period on any monotonous diet. We 
have reported our experience® with rats which we caused to derive 
the organic portion of the ration entirelj'^ from the wheat kernel, 
which indicated that making salt additions to wheat so that the 
total mineral content of the ration was similar to milk, benefited 
the animals in a marked degree. With rations made up of casein, 
carbohydrates, fats, and a salt mixture, we had much better suc- 
cess in inducing growth in young rats with salt mixtures made in 
imitation of the inorganic content of milk or of egg, than with a 
mixture made in imitation of the inorganic content of the wheat 
kernel. 

Osborne and Mendel have likewise reported their conviction 
that the composition of the mineral content of the diets made up 
of isolated food ingredients was a most important factor influenc- 
ing the ability of young rats to grow.'' 

Emphasis has also been laid upon the balance between the 
base- and acid-forming elements as a factor of importance in 
nutrition,® but convincing experimental evidence is wholly 

5 E. B. Hart, E. V. McCollum, H. Steenbock, and G. C. Humphrey: 
Wisconsin Agricultural Ex-periment Station, Research Bull., No. 17, p. 178, 
1911. 

E. V. McCollum and M. Davis: Proc. Soc. Biol. Chemists, this Journal, 
xiv, p. xl, 1913. 

’ T. B. Osborne and L. B. Mendel: Carnegie Institution of Washington, 
Publication No. 166, pt. ii, 1911. 

« J. H. Kastle; Am. Jotir. Physiol., xxii, p. 284, 1908. H. C. Sherman 
and A. 0. Gettler: this Journal, xi, p. 323, 1912. E. B. Forbes: Ohio Agri- 
cultural Experiment Station, Bull., No. 207, 1909. 
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lacking to demonstrate that diets acid within moderate limits 
produce phj’siological disturbances in normal indhdduals. McCol- 
lum reported satisfactorj-- growth from an early age, and 
normal reproduction in rats fed exclusivelj’’ on boiled egg yolk,® 
which is probably the most acid of our naturall}’- occurring food- 
stuffs. Steenbock, Nelson, and Hart,^“ studied the effect of an 
acid diet on the retention of nitrogen in calves, and established 
the fact that even a high acidity does not interfere with growth 
on a milk diet plus mineral acids. 

We have attempted to throw light on the numerous questions 
relating to the effects of the composition and quantity of the 
mineral content of the ration bj' an elaborate study which is still 
in progress. The data reported in this paper, while thej' do not 
answer with finality the main questions which the experiments 
were designed to answer, have brought to light several new and 
interesting facts. 


PLAN OF THE EXPERIMENTS. 

We sought a ration the organic constituents of which we believed 
perfectly satisfactorj' for complete nutrition, but which was so 
low in mineral content that it would not suffice for growth at the 
normal rate. By the systematic addition of salt mixtures of suit- 
able composition to this ration we hoped to fix the following 
points: 

1. With the mineral content of constant composition, what 
is the lowest level of intake which wdll serve to maintain growth 
at the normal rate, to maturity? 

2. Will the lowest plane of intake of this particular inorganic 
mixture which will just suffice for growth at the normal rate also 
induce normal reproduction? 

3. The effect of various planes of intake of the salt mixture 
carried by our ration on reproduction. 

4. At what plane of intake is growth or reproduction depressed? 

5. The effect of acidity and of alkalinity of the diet on growth 
and reproduction. 

® E. V. McCollum; Am. Jour. Physiol., xxv, p. 127, 1909-10. 

‘“H. Steenbock, V. E. Nelson, and E. B. Hart: this Journal, six, p. 
399, 1914. 
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General animal husbandry experience with which the results 
of Osborne and Mendel were in accord led us to believe at the 
time these experiments Avere instituted that 18 per cent of protein 
was near the optimum for growth. It is not possible to fulfill 
all the requirements we have enumerated in a single ration cariy- 
ing 18 per cent of protein, since every protein contains sulphur, 
which is a source of acid, and when even small amounts of phos- 
phate and chlorine ions are introduced, the bases necessary to 
make the ration a neutral one always produce fairly high total 
base content — in fact too high for us to discover the minimum 
requirements of rats for the inorganic elements with a neutral 
diet. We have since discovered that with proteins from certain 
sources the protein content of the ration may be reduced far below 
this level, and normal growth and reproduction still be attained.” 
These observations make possible the employment of rations Avith 
loAver potential acidity Avith hope of successful nutrition. 

The ration must consist of materials which can be had in laige 
quantities at reasonable cost, and above all their composition 
must be so uniform that Ave can depend upon the close duplication 
of our rations as their preparation is repeated. Such a ration 
Ave hoped to find in a mixture of a small amount of milk poAvder, 
Avith purified sucrose, casein, butter fat, agar-agar, and dextrin. 
By loAvering the content of milk poAvder, the only ingredient 
Avhich carries appreciable amounts of bases, Ave could regulate the 
base content of the diet at Avill. Casein, however, contains 0.8 
per cent of sulphur and 0.85 per cent of phosphorus, Avhich makes 
one gram a potential source of about 1.03 cc. f solution of acid. 
We began the present series of feeding experiments Avith rats, 
employing as a basal ration a mixture of foodstuffs Avhich Avas 
decidedly acid. It consisted of: 

Qm 

Milk ponder (Memll-Soule) I® 

Casein 

Butter fat ® 

Agar-agar 2 

Dextrin 

Sucrose 

The base content of the ration Avas derived entirely from 10 
grams of milk powder. For purposes of calculation we have 

n McCollum and Davis: ibid., xx, p. 415, 1915. 
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accepted the data of Forbes, Beegle, and Mensching^^ for dry 
skimmed milk, which assign to it the following content of inorganic 
elements. 

100 Bm. drj’ skimmed K No Ca Mg S Cl 
milk 1.272 0.4S8 1.3SG 0 146 0.357 0.Q53 

Except where salt additions were made the aciditj^ or alkalinity 
of the rations are expressed by the difference between the acidity 
of the 15 grams of casein (15.5 cc, ^ solution) and the alkalinitj* 
of the milk powder employed. The dextrin emplojmd contained 
0.08 per cent of ash exclusive of SiO^. 

The character of the rations emploj’-ed in this series of experi- 
ments is shown in Table I, together with the degree of acidity 
or alkalinity of each. The rations range from an aciditj’’ of 14.31 
cc. to an alkalinity of 102.09 cc. f solution per 100 grams. In 
modifying the balance between the acid and basic radicals, addi- 
tions of the salt mi.xture described in Table III were employed, 
the content covering a range of 1 gram to 20 grams per 100 grams 
of ration. The approximate content of the elements in each of 
the rations is shoTO in Table W. 

Distilled water only was pro\dded to the rats in these experi- 
ments and a small amount of iodine was given once each week in 
the form of a KI-I solution in the drinking water. 

The records of the growth and reproduction of the twenty 
groups of rats discussed in this paper are shown in Charts I 
to XI, and the records of reproduction and certain details regard- 
ing the histories of the young are exhibited in tabular form in 
Table II. 

An inspection of the charts reveals a surprising uniformity 
of growth in aU the animals of the various groups except the two 
receiving the highest additions of salts (Chart VI), which were 
stunted bj-- the high salt content. The records establish, first 
of all, that •provided the other factors in the ration are adequate, 
young rats can grow normally and remain in apparent good health 
on rations •whose base content varies vxidely in amount. Ration 
218-6 (Chart I) contained only about 0.2 gram of total bases per 

E. B. Forbes, F. M. Beegle, and J. E. Mensching: Ohio Agricultural 
Experiment Station Bull., No. 255, 1913. 


ALrALI^^TT 
^ soLirnoK 
P cc. 

0 979 19.91 
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100 grams. While this group did not grow quite as rapidly as 
did those receiving more bases, yet there was no pronounced 
stunting. At the other extreme is Lot 226 (Chart VI) whose 
ration contained 8 per cent of the salt mixture and a base content 
of 2.40 grams per 100 of ration. This base content they have 
stood without signs of disturbance during five months. 

In the second place our data confirm the conclusion reached 
from the observation that egg yolk as a restricted diet was not 
deleterious as the result of its acid character.” Foiir of the rations 
employed in this work (Charts I and II) were highly acid yet growth 
and well-being were not markedly interfered with. The data in 
this paper alone do not show whether it was the acidity or the 
low base content which was the cause of failure to reproduce, 
but from the fact that egg yolk alone as a food supply admits of 
reproduction it seems probable that the low base content is the 
determining factor. 

It was a surprise to us that all lots failed to repeat reproduction 
at normal intervals. This failure is certainly the result of some 
factor other than the character of the mineral content and must 
remain unexplained for the present. 

In Lot 205 (Chart II) especially, copulation was frequently 
observed during several months, yet not a single young one was 
produced by the entire group of females. We tested Lots 205, 
200, 201, and 204 with normally fed males placed with the experi- 
mental females during the day for several weeks, but without 
succeeding in securing young from any of them. The sporadic 
pregnancies in Lots 218, 206, 224, and 209 indicate that the 
failure in reproduction did not rest with the males. Whether 
fertilization took place, followed by the early death of the ovum, 
we have not yet determined. 

Another conclusion which we have previously emphasized we 
are forced to accept as a result of the observations recorded in 
this paper, viz : Growth to the normal adidt size at the xmial rate and 
contimied well noiirished appearance is not sufficient evidence that 
a ration is fully adequate. Only ivhen normal reproduction and 
rearing of the young is repeated at normal intervals can a ration be 
said to be physiologically sufficient. 


McCollum; loc. cii. 
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One may logicall 3 ’- inquire whj', if these rats have sho-wn them- 
selves -with respect to grov'th independent of the composition and 
amoimt of the inorganic content in so marked a degree, is such 
great improvement noted as the result of adding suitable salt 
mixtures to rations restricted to the com or wheat kernel, “ or 
to other rations made up of purified food substances? The fact 
cannot be disputed, and we cannot, with the data available, give 
more than a tentative explanation. 

In a ration derived entirelj" from the corn kernel there are two 
factors which are unfavorable to growth. The protein cleavage 
products from com can be retained for growth onlj’’ to the extent 
of 23 to 24 per cent of the amount ingested, which gives them a 
value of about one-third that of an equivalent amount of milk 
proteins.^® The mineral content of the com kernel is unfavor- 
able for growth. It seems not improbable that these two factors 
together are sufficient to prevent growth, which, however, can go 
on when the mineral content is corrected. 

The problem of the influence of the unfavorable mineral con- 
tent of wheat is complicated bj’- the presence of two deficiencies; 
tiz., the poor character of the proteins and the deficiencj’’ of the 
unknown accessory carried bj"- butter fat, egg fat, com oil,^* etc. 
This is made evident by experiments which were an outgrowth of 
those just reported. In Lot 211 (Chart IX) we fed a ration de- 
signed to show the effects of replacing a part of the dextrin and 
casein of the ration of Lot 200, bj*^ wheat. The salt addition was 
designed to correct the mineral content of the wheat. The fact 
that four litters have been nourished to vigorous independence 
by one female on this ration proves this to be an adequate diet. 

In Lot 223 (Chart X) we replaced the mUk powder of Ration 211 
by casein, dextrin, and salts, in proportions to cause as little 
change as possible in the known constituents of the ration. The 
records of eight females show that this ration is as good as, if not 
better than 211. 

The next step was to eliminate in turn each of the three additions 
to the wheat in the most successful ration (223B); viz., butter 
fat, casein, and salt mixture. Without the butter fat there was 

" E. B. Hart and E. V. McCollum; this Journal, xix, p. 373, 1914. 

“McCollum: ibid., xix, p. 323, 1914. 

•'McCollum and Davis: ibid., xxi, p. 179, 1915. 
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normal growth (Lot 223., Chart XI) and in the case of one of two 
females a single litter of young was produced. The young lived 
from eleven to twenty daj'-s. After four months the animals were 
in a miserable condition. 

I When wheat and wheat gluten supplied the entire protein 
content of the ration (Lot 24B, Chart IX) there was a little im- 
provement over the group just described (Lot 223, Chart XI), 
but nutrition was far from normal. 

Our results with wheat, casein, and butter fat, without salt 
additions have been so unsatisfactory that we withhold judgment 
on them until a sufficient number of individuals pronounce them 
negative. We can only say that in our rather extensive feeding 
of wheat-containing rations we have not had success without a 
correction of the mineral content of the ration. On the other 
hand, the addition of salts alone to a ration derived entirely from 
wheat or wheat and wffieat gluten gives a diet which is a wonder- 
ful improvement over the grain alone, yet such rations give less 
than half normal growdh, and do not suffice for prolonged main- 
tenance. Such results present an interesting problem: Is there 
an interdependence between an unfavorable mineral content and 
other factors in the diet which causes the inorganic deficiencies 
to be more pronounced in some cases than in others? The answer 
to this question will come from the application of definite knowl- 
edge of all the essentials of a successful diet to work with rations 
composed of purified foodstuffs. 

In Table I is given the composition of the rations employed, 
together with the degree of acidity or alkalinity of each, and the 
character of the salt additions when such were made. 

The content of mineral elements carried by the rations dis- 
cussed in this paper is showm in Table IV. The figures express 
grams of elements per 100 of ration. 
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TABLE 1. 


V. 

0 

1 

o 

6 

z 

COMPOSITION OF RATION 

REACTION or 

RATION y SOLU- 
TION PER 100 GM. 
or RATION 

SALT ADDITIONS 
(SEE TABLE Hi) 



Alka- 

linity 


per cent 

ec. 

ec. 


2IS-6 

Milkpowdert 6, casein 15. butter fat 5,dcx- 





trin 57i sucrose 15, agar-agar 2 

14.31 


None. 

218-7 

Milk powder 7, casein 15, butter fat 5, dcx- 





trin 56, sucrose 15, agar-agar 2 

14.11 


None. 

21S-8 

Milk powder 8, casein 15, butter fat 5, dcx- 





trin 55, sucrose 15, agar-agar 2 

13.91 


None, 

205 

Milk powder 10, casein 15, butter fat 5, dcx- 





trin 53, sucrose 15, agar-agar 2 

13.51 


None. 

201 

Like 205, but with salt addition 

7.73 


1 gm. mixture. 

203 

II 1. .1 

1.95 


2 " 

202 



3.85 

3 •• 

201 



9.61 

4 " 

200 

14 II II 


15.39* 

5 

224 

• I 11 II 


21.17 

6 •• 

226 

II •« II 


32.73 

8 •• 

230 

U 11 II 


78.97 

16 •• 

238 

II II 14 


102.09 

20 '■ 

206 



7.50 

2.9 ** Ca lactate. 

20S 

II II I. 


12.57 

2.5 " Na citrate. 

209 

II 11 M 


8.60 

2.4 “ K citrate. 

210 

“ “ 


12.81 

3.1 “ Mg citrate. 

211 

Milk powder 10, casein 10, wheat 64, salt 





mixture 3.6, dextrin 7.4, butter fat 5 


3.23 

See Chart IX. 

24B 

^Tieat 50, wheat gluten 17, dextrin 7, but- 





ter fat 5, salt mixture 24 


83.12 

See Chart IX. 

223B 

Wheat W, casein 13.4, dextrin 12.8, but- 





ter fat 5, salt mixture 4.8 


17.90 

See Chart X. 

223 

Same as 223B but \^nth dextrin replacing 





the butter fat 


17.90 

See Charts X and XI. 


• The alkalinity of 100 gm. of a mixture of milk powder 53 gm. and dextrin 47 gm. (which 
mixture contains 18 per cent of protein) is equivalent to 10.55 cc. of y solution (Forbes). The 
degree of alkalinity of such a milk ration falls between Nos. 201 and 200. 
t The milk powder contained 34 per cent of protein. 
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TABLE ir. 


i 

O 

>:) 

! 

O 1 

6 

NO. OP FEMALES 

Cs* “ 

O 

00 p: 

P? ft • 

3 o o 
s.gag 
° o » o 

O w -4 H 

7; 

Q 

< o 
w 2 
ft?; 

p; 

gi 

Ug 

O 

H fe 

PS 

tH 

< M 

5 

30 

< to 

1- 

f 

M 

z 

§ O 
® K 

H 

O ^ 

55 

NO. OF 3rd lit- 
ters 

o 60 
^ K 

«s 

22 
^ 7: 

B o -4 
O “ « 
IH 

REMARKS 

224 

4 

1 (eaten by 










other 

rats) 








200 

4 

3 (13 young) 

0 1 

12 

12 

0 

0 1 

12 

Seven young were discon- 










tinued in good condition. 
Five arc still on this ration. 

200 

5 

1 

1 

0 

0 

0 

0 

0 


2nd 

geno 

ration I 








201 

0 

9 (29 young), 

1 

19 

9 

3 

1 

3 

The young from this lot had 



1 







repeated convulsions at 
17-21 days of age. 

202 

7 

•3 (13 










young) 

0 


0 

0 

0 

0 

Young manifested sanao 










symptoms as did those in 
Lot 201. 

203 

6 

3 (lOyoung) 



4t 

1 1 

1 0 

2 


204 

9 

6 (22 young) 

■1 


10 

2 

0 

7 

One young in a serious nutri- 


1 


1 






tivo condition recovered on 
ration 223B. Three young 
wore discontinued in good 
condition. 

205 : 

10 

0 

0 


! 0 

0 

0 

0 


218 

4 

1 

1 

0 

0 

0 

0 

0 


206 

6 

1 

1 0 

1 

0 

0 

0 

0 


20S 

5 

2 (10 young) 

' 0 

10 

6f 

0 

0 

0 


209 

5 

[1 

1 

0 

0 

0 

0 

0 


210 

4 

0 

0 

0 

0 

0 

0 

0 



' One female died at parturition, 
t One young completely recovered on ration 223B. 

J The young which survived were from a second litter born after an additional iron supply 
■nus added to the ration. 
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TABLE m. 


Composition of the salt mixture employed in the rations. 



Na 

K 

Ca 

Me 

Cl 

p 

s 

Fc 


fftn. 

4 &4 


i 


7.47 




XaCI... 

j 12.31 









KrHPOj 

■iorig 


12.6 




4.99 



CaH'c(P04)5.Hi0 .. . 

0.74 



0.11 



0.18 



MsSOi (Anhydrous).. 

1.56 




0 31 



0.42 


Mg citrate 

5.75 




0.55 





Na citrate (anbydroas) 

3.12 

0.S3 








Ca lactate... 

«.so 



6.78 : 






Fe" lactate 

1.&4 








0.319 



5 67 

12 6 

6 89 

0.89 

7 47 

5 17 

0 42 

0 319 


TABLE IV 


no: or 

RMIOV 

K 

Na 

Ca 

Mg 

s 

Cl 

P 

Fe 

218-6 

Q|! 


O.OSOl 

0 0087 

0.1414 



0.00014 

218-7 

3Q ! S 

0.0341 

0.0935 

0.0102 

0.1450 

0.0667 

EBI 

0.00016 

218-8 

jR i ' 

nnKgii 

0.1069 

0.0117 

0.1485 

0.0762 

0.2058 

0.00018 

205 



0.1336 

0.0146 

0.1632 


0.2179 

0.00023 

204 

^ ' 

InRS 

0.2025 

m 

0.1674 


0.2696 

0.00340 

203 


0.1622 

0.2714 

tBI 

0.1716 

0.2447 

0.3213 

0.00660 

202 



0.3403 

0.0413 

0.1758 

0.3194 

0.3730 

0.00980 

201 


■3K3n3 

0.4092 
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NOTE ON THE BLACKENING OE THE LEAVES OF THE 
WILD INDIGO (BAPTISIA TINCTORIA) AND THE 
ISOLATION OF A NEW PHENOL, BAPTISOL. 

Bt ERNEST D. CLARK. 

(from the Department of Chemistry, Cornell University Medical College, 
New ‘York City.) 

(Received for publication, May 17, 1915.) 

Nature of the blackening of leaves. 

There is nothing striking about the plant Baptisia tinctoria 
until it is bruised or frost-bitten; but then its rapid change from 
green to jet black makes it an interesting object. In fact, during 
colonial days a substitute for indigo v»as prepared from the plant; 
thus accounting for ite popular name of “wild indigo.” There 
are many other plants which are known to blacken upon injury, 
but few of our native species show this peculiarity in a more 
interesting way than this one does. In England and France, the 
nature of this blackening process has been studied, and it is 
desirable to consider the bearing of these investigations on the 
present case. 

During 1909 and 1910 Mirande,' Guignard,- and Alaquenne with De- 
moussy* published the results of their work on blackening and cyano- 
genesis in leaves. They used plants like black mustard that produce a 
characteristic odor when frozen or treated with certain vapors; Prnnus 
species giving hydrocyanic acid gas; and aucuba leaves, which blacken 
during narcosis. By the use of these different types of leaves as indi- 
cators of such changes the French authors all came to the same conclusion 
in regard to the phenomena of blackening, production of hydrocyanic 
acid, etc. They found that exposure to ultra-violet light, and to the 
vapors of certain substances, freezing with ethyl chloride, mechanical 
injury, and heat would all cause the typical change in color or production 

’ N. Mirande: Compt. rend. Acad. d. sc., cxlix, p. 140, 1909; cli, p. 481, 
1910. 

’ L. Guignard; ibid., cxlix, p. 91, 1909. 

’ L. Maquenne and Demoussy: ibid., cxlix, p. 957, 1909. 
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646 Blackening of Leaves of Wild Indigo 

of odor. However, if the green leaves were first plunged into boiling 
wafer they still remained green when treated in a way that caused black- 
ening in normal unheated leaves. When leaves ^Yere dried quickly in a 
vacuum over sulphuric acid they did not blacken with vapors but did so 
at once when subsequently moistened with water. 

All the evidence seems to indicate that these effects are controlled by 
enzymes of at least two different types. The first change seems to be the 
enz 3 'mic hydrolysis of some glucoside, like aucubain, with the production 
of glucose and a pigment later turning black. Some observers believe that 
oxygen and an oxidase are necessary for the production of blackening b)' 
the oxidation of a chromogen previously set free by an emulsin-like action 
on a glucoside. In other words, a hydrolytic enzyme first splits the gluco- 
side in the leaves to give glucose and a chromogenic substance which, bj’ 
the action of an oxidase, then gives the dark colored pigment. It is not 
certain that the blackening takes place in these two stages, but it seems 
likely. In the case of Baptisia tinctoria we know from the work of Emer- 
son^ that active oxidases are present in the leaves of this species. 

It is certain that any agency which disturbs the normal relationships 
of the cells containing the enzyme and those containing the t 3 'pical sub- 
strate will cause blackening, or the production of hydrocyanic acid, or 
whatever the typical reaction of that plant may be. This phenomenon 
is somewhat analogous to the plasmolysis of cells caused by subjecting 
them to the action of solutions of sugars, etc., having high osmotic activity. 
The changes in the cell preceding death of the protoplasm seem to cause 
the blackening, but it must be remembered that plunging the leaves into 
boiling water and also rapid dehydration prevent the blackening. It 
seems safer, then, to say that agents which tend to allow easy e.xchange 
of soluble material between cells (hence, greatet permcabilit 3 ') will cause 
blackening, etc. In the normal living leaf this interchange between the 
cells containing enzyme and those containing substrate does not occur; 
but active vapors, cold, and mechanical injury alter the permeability and 
so encourage diffusion. Of course, the enzyme and substrate may be 
separated in some way from each other in different parts of the same normal 
cell, but the principle is the same. 

In England, H. E. and E. F. Armstrong® studied the phenomena of 
cyanogenesis and blackening in leaves. By using leaves of the cherry 
laurel (Prumts laurocerasus) containing the glucoside prulaurasin, they 
investigated the effect of different vapors and inorganic salts in solution. 
They found that many vapors like toluene, chloroform, and esters, as well 
as certain salts, like cadmium iodide, potassium fluoride, etc., may all 
cause the formation of hydrogen cyanide, benzaldeh 3 'dc, and glucose in 
the leaves of this plant. They detected the hydrogen cyanide with sodium 
picrate paper. In most cases the blackening first appeared in small dots 

J. T. Emerson: Btdl. Torrey Botanical Club, xx.xi. p. 621, 1901. 

® H. E. Armstrong and E. F. Armstrong: Proc. Boy. Soc., Series B, 
Ixxxii, p. 588, 1909-10. 
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on the lower side of the leaves. Under the influence of the active sub- 
stances the leaves absorbed considerable water when in contact with it. 
From their observations the Armstrongs concluded that the cell surfaces 
are coated with a protective sheath of water molecules .which prevents the 
passage of substances having an affinity for water, but lets pass those 
active substances like esters, etc., having no attraction for water. In a 
later paper® by these same authors they record more experiments and 
develop this idea of the importance of the affinity of substances for water 
in determining their power to promote cellular activity. They also found, 
as did the French investigators, that there seems to be no relation between 
the chemical structure and the power to cause these changes in leaves. 
They believe that the main factor^ are "the degree of affinity of the sub- 
stance for water and solubilitj’ relationships.” According to Overton’s 
well known theory, the plasma membranes contain lipoid material which 
permits ingress of lipoid solvents like ether and chloroform, but excludes 
many other substances not miscible with lipoids. However, modifications 
in this conception are necessarj" to explain the entrance of sugars, amino- 
acids, and salts known to be indispensable for the life of the cell, but 
which are not miscible with lipoids or soluble in their solvents. 

The publications of the English and French investigators who 
worked with plants sensitive to the action of vapors, stimulated 
our interest in making similar studies upon Baptisia tinctoria, 
which is a common plant in sandy places, especially on the 
Atlantic Coast. This paper is a report of our experiments on 
the effects of various active sub^ances in causing blackening of 
Baptisia leaves. In connection with these experiments we iso- 
lated and prepared derivatives of a new substance in the white 
efflorescence on the blackened leaves. 

Experiments on the blackening of Baptisia leaves. 

The fresh Baptisia leaves used in aU our work were collected 
during the months of July and August in the vicinity of Cold 
Spring Harbor, Long Island, N. Y.’ In many sandy places this 
plant is the only one growing in any quantity. "We were able 
to prepare a considerable amount of this material for our various 
experiments. 

^Armstrong and Armstrong; Ann. Botany, xxv, p. 507, 1911. 

Dunng the summers of 1911 and 1912 this material was collected and 
prepared with the help of Dr. Ross A.Gortner, of the Carnegie Station for 
xperimental Evolution, Cold Spring Harbor, N. Y. Our thanks are due 
im and the Institution for this assistance. 
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We soon noted that the vapors of volatile organic substances 
caused the leaves of Baptisia to turn jet black. The rapidity of 
this change seemed to vary -with the different substances used. 
The first sign o'f blackening appeared on the under side of the 
leaves in the form of black spots which quickly enlarged and 
spread in every direction, the upper surface being the last to 
blacken. This was probably due to the entrance of the vapors 
into the tissue of the leaf Ji7-sf through the stomata which were 
more numerous on the low’er than on the upper leaf surface. 
The parts of the leaves and stems which were under the surface 
of winter kept their original green color even after long exposure 
to the vapors had saturated the w'ater with the vapors above it. 
It may be that the waxy covering of the leaves prevented the 
entrance of water containing the dissolved vapors, or else the 
water did not have enough dissolved oxygen to allow the forma- 
tion of the black pigment to take place. 

When masses of the Baptisia leaves were subjected to the action 
of vapors of chloroform or ether in large jars, the temperature 
began to rise at once from 25° to 28° and often reached 55° to 60° 
in an hour, when a thermometer w'as plunged into the center of 
the mass. These heat effects could hardly have been _ caused 
by microorganisms in view of the presence of antiseptics like 
chloroform, toluene, etc. Plunging the fresh leaves into boiling 
water did not cause blackening and it also prevented subsequent 
blackening by anj'- agent. Many tests showed that there was 
very much less sugar in normal green leaves or those killed 
quickly by boiling water than in those which had been blackened 
in anj'- manner. The observations recorded above are funda- 
mental, and tend to show that the blackening is due to a some- 
•what complex enz 3 ’mic process, in wdiich oxj’-gen and also some 
hydrolytic enz 3 '’me play a part. During the blackening the sur- 
face of the leaves became covered with a delicate white efllores- 
cence of frost-like crystals. The latter part of this paper deals 
with the isolation and stud 3 ’' of this crystalline material. 

The relative effects of different vapors upon the Baptisia leaves 
■were determined in the following -way: Glass vials of uniform 
volume were fitted wdth tight corks. From a pipette, exactly 
1 cc. of each liquid was carefulb'^ run into the bottom of each 
vial. A branch of the Baptisia plant containing three leaves was 
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then corked in the upright vial but not allowed to touch the 
liquid. Under uniform temperature conditions, the time required 
for the leaves to become jet black was noted. This could be 
determined with some accuracy, amoimting to about one minute 
in fifteen. Several series of these experiments were made and 
they gave concordant results for each volatile substance used. 
Among the different active compounds there was the greatest 
variation in the time required for the leaves to become completely 
blackened. In order to see if there was any relation between 
chemical constitution, boiling points, or solubilities and activity 
when tested on Ba-pUsia leaves, all of these data were condensed 
into one table which is given below. The time given that was 
required to blacken is the average of the results of several 
experiments. 

TABLE I. 


Rate of action of vapors on Baplisia leaves at 22° to 24 °. 


SIIB8TJl2?CE 

roBinjLA 

TIME 

BEQtJTREDTO 

BUMTEEX 

BOIUXC 
POINT IK 
DECREES 

SOLEBrUTT 
IK TVATEB* 

AT 22-24* 

SOLEBILITT 
IK ETHER 

Acetone 

CHj~CO“CHi 

lOmiu. 

5G 5 

Infinite 

Infinite. 

Acetic acid 

CH«-COO H 

Bleached 

11$ 

•( 


Ethyl acetate 

ca-coo-CiHj 

l7 min. 

77 

6r<. 


Ethyl butyTate 

CH)-COO-C.H. 

11 rain. 

121 

Slight 

Soluble. 

Carbon bisulphide 

CS, 

25 min. 

46 

0 22% 

Infinite. 

Beniene 

C.Hi 

18 min. 

SO 

0 07% 

tt 

Toluene 

CkHi-C Hi 

22 min. 

111 

Slieht 

It 

Hexane (n) 

C«Hii 

Inactive 

69 

Slieht 

« 

Ethyl ether. . . . 

CiHj-O-CiHi 

22 min. 

35 

8.1% 

« 

Ethyl alcohol , . 

CiHs-O H 

33 min. 

78 

Infinite 

“ 

Pyridine ! 

CiHiN 

Inactive 

115 ! 

« 

« 

Chloroform . 

CHCTi 

16 min. 

62 

0 63% 



• Solubilities are taken from Chemical Annual, 2d edition, 1909. 


From this table it seems that the most active substances are 
not the volatile antiseptics like toluene, chloroform, ether, etc., 
but are substances of the ester type, and also acetone. Vapors 
of inorganic acids and amm onia produced non-typical brown 
colorations and rapid destruction of tissue. As reported by the 
Armstrongs and the French investigators alreadj^ mentioned, 
there appears to be no definite relation between the chemical 
structure or physical properties like solubilities and boiling points 
of the substances and their rate of action on the leaf. In general, 
the more chemically inert substances like esters were the most 
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efficient in producing the typical effects. It is interesting to note 
that acetone is the most active in causing the blackening, yet it 
is known to be less of a lipoid solvent than ether or chloroform. 
This fact is not in harmony with Overton’s theory unless we 
assume that the lipoids of this plant are different from many 
others. 


Isolation of a new substance from the efflorescence. 

The fresh green Baptisia leaves were loosely packed in large 
battery jars containing about 25 cc. of ether or chloroform in a 
small beaker. In less than half an hour the whole mass of leaves 
became jet black, this change being accompanied by a distinct 
rise in temperature in the interior of the mass. After standing 
over night with the vapors, the leaves were found to be covered 
TOth a white efflorescence. These leaves were then taken out of 
the jars and spread out to dry in the air. The dry material could 
be kept indefinitely in this state. 

Alcohol easily dissolved the efflorescence on the dry leaves, but 
when this solvent was used on a large scale it was found impossi- 
ble to obtain a pure preparation because of the amount of chloro- 
phyl dissolved. The most satisfactory way to prepare the pure 
substance was as follows: 

The dry leaves were placed in a 0.5 per cent solution of sodium hydrox- 
ide, and the mixture was heated nearly to the boiling point; the leaves were 
then strained off through cheese-cloth, and the yellowish solution filtered 
through paper. Upon neutralization with very dilute acetic acid solu- 
tion, a flocculent precipitate of crude material came down. This product 
was again dissolved in very dilute sodium hydroxide solution, which was 
then filtered and reprecipitated with a few drops of acetic acid. A lighter 
colored precipitate was thus obtained, and, after washing, was allowed 
to dry on the filter paper. The dry filters containing the crude substance 
were then extracted with hot 95 per cent alcohol. The yellowish alcoholic 
solutions w’ere boiled with bone-black and, after filtration, these hot solu- 
tions were diluted with hot water just to the point (about 30 per cent 
alcohol) where a slight cloudiness appeared. After cooling and standing 
in the ice box over night a white powdery preparation was obtained having 
a melting point of 213°. Repeated crystallizations from benzene, acetic 
acid, chloroform, etc., caused no change in this melting point. 

■\^Tien pure, the new substance is a felted mass of fine white 
needles melting sharply at '213° (corrected). In the manner just 
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described, several preparations of the pure substance were made. 
All agreed in having a melting point of 212-13°. The total 
amount of the pure preparations obtained from the leaves was 
small. In all, 3.5 kg. of air-dr 3 ’- leaves gave a total weight of 
pure substance of only 8 grams, so the amount of that substance 
in the drj^ leaves was about 0.2 per cent. It should be noted that 
the fresh green leaves jdelded none of the new substance when 
treated with warm alkaline solutions in the same manner as the 
Iblackened leaves. Whether this product is formed in the leaves 
by an en 2 ymic action accelerated by the active vapors, or whether 
it merely crystallizes on the leaf surface because of changes in 
its solute is impossible to say. However, in certain other plants, 
it is known that enzymes hydrolyze complex glucosides to pro- 
duce phenols under the influence of active vapors. 

Properties of the new substance. 

This substance is insoluble in water, but dissolves in glacial 
acetic acid, concentrated hydrochloric acid solution, benzene, 
alcohol, chloroform, etc. It readily goes into solution with fixed 
alkalies to give a yellow color, and imder such conditions is pre- 
cipitated unchanged by very dUute acids or carbon dioxide. 
Heated with metallic sodium or soda-lime it gave no indi- 
cations of the presence of nitrogen, sulphur, or the halogens. 
With very dilute alcoholic solutions of ferric chloride an evanes- 
cent cherry-red color appeared, but faded almost instantly to a 
brownish shade. Wben tested for phenol coloration by AJsberg 
and Black’s® test, the chloroform layer became pink. in color, 
both with and without the addition of a trace of hydrogen peroxide. 
With Millon’s reagent it gave a typical deep red color. This 
and other evidence indicates that the new substance is a phenol. 
In carbon tetrachloride solution there was no absorption of bro- 
mine. A hot alkaline aqueous solution of the phenol is readily 
oxidized by potassium permanganate. Zinc dust is without effect 
on it, either in. a solution wdth sodium hydroxide or glacial acetic 
acid. This phenol does not redune alkaline silver or copper solu- 
tions nor does it combine with phenyl hydrazine or hydroxylamine. 

' p‘ Alsberg and O. P. Black: U. S. Department of Agriculture, Bureau 
of Plant Industry, Bull. S70, p. 42, 1913. 
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Tests with alcoholic potassium acetate solution for flavone deriv- 
atives containing hydroxyl groups in the ortho position (accord- 
ing to Perkin and Wilson) ^ were negative. Perldn and Hummel 
used alcoholic lead acetate solution as a test for the catechol 
complex in flavones, and this, too, was negative with the new 
substance. Fusing it with phthalic anhydride and a few drops 
of sulphuric acid at 160° and rendering alkaline, produced no 
fluorescent substance, so the hydroxyl groups are apparently not 
in the meta position. It seems likely, then, that the new phenol 
is a complex one, probably not of the flavone series, and is not 
identical with any known substance. Later this will become more 
evident, when the analytical results are shown. 

Composition of the new phenol. 

Three different preparations were used for analysis. The first 
one (I) was impure and melted at 210-11°, but the second and 
third (II and III) were diy and pure, melting at 213° (corrected). 
Heating the new substance at various temperatures failed to show 
any loss of weight, due to loss of water or alcohol of crystalliza- 
tion. The combustions for determining the percentage of carbon 
and hydrogen were made according to the method of Dennstedt, 
but it should be noted that this phenol and its derivatives do not 
burn smoothly. 


Percentage of carbon and hydrogen in the neto phenol. 


SAMPLE 

WEIGHT or 
SUBSTANCE 

WEIGHT OF 

CO2 

WEIGHT OF 

H2O 

c 

H 


gni. 

gm. 

am. 

■per cent 

per cenl 

Preparation I (impure) 

0.1200 

0.2826 

nmji V 

64.21 

4.98 

Preparation II (pure) . . 

0.1196 


i 9 


4.53 

it t< 

0.1442 

0.3486 


65.92 

4.73 

“ III “ . . 

0.090G 




4.47 

i( U it 

0.0954 


BmR 1 3 

65.98 

4. 38 

CuHijOs requires 


nmn 


66.16 

4.41 


Next, the molecular weight was determined by the freezing 
point method. The use of benzene as a solvent for this purpose 

® A. G. Perkin and C. R. Wilson: Tr. Chem. Soc., l.xxxiii, p. 129, 1903. 
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proved to be impossible because the substance crj'stallized out 
above the freezing point of this solvent. Acetic acid was finall}’- 
used as a solvent and the results of the determinations are tabu- 
lated below. 


Molecular weight of the substance by the cryoscopic method. 


SAMPLS 

WEIGHT OF 
SHE STANCE 

WEIGHT OF 
SOLVENT 

K OF 
SOLVENT 

A 

OBSERVED 

M 

FOUND 

Preparation III (pure) . . 


gm. 

63.0 

39 

0.135° 

90 

it tt it 


26 25 

39 


93 

CisHiiOt requires 

HH 




272 


Evidently we have here a case of an abnormal freezing point, 
since the value found for the molecular weight is one-third that 
required b}' theory. It is apparent from other observations that 
the substance is much more likeb" to have a molecular weight 
of 272 than 90. 

Number of methoxyl groups in the substance. 

In order to find the number of methoxyl groups present, the 
necessary’- apparatus was arranged and the determinations were 
made accordmgtoPerldn’si®modificationof Zeisel'smethod. Some 
experience with this method is required before one can secure 
satisfactoT 3 ’- results. As soon as nearly theoretical figures were 
obtained for methoxjd groups in pure vanillin, the determination 
was made upon the pure phenol, care being taken not to heat the 
reaction flask above 128-130° (boiling point of hj^’driodic acid 
solution used), nor to pass the carbon dioxide through the solu- 
tion too rapidly. The determinations agreed verj”- well and 
showed that the new phenol has but one methox 5 d group. Below 
fire given the data of a t 5 'pical analysis. 


W. H. Perkin: ibid., Ixxxiii, p. 1367, IQftS. 
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Determination of methoxyl groups. 


S.KMI'LE 

WEIOnT OP 
StJBBTANCE 

WEIGHT OF 

Agl 

WEIGHT OF 

CHsO 

FOUKD 

FROMAgI 

CHjO I 

FOUND 


Preparation III (pure) . . 
C 14 H 9 O 4 OCH 5 requires... 

i?m. 

0.1260 

gm. 

0.1009 

1 


per cent 

11.36 


Preparation of certain derivatives of the new phenol-iriacetyl derivative. 

The properties of the new substance and certain of its color 
tests indicated that it was a phenol. An acetyl derivative was 
prepared as follows: 5 grams of freshly fused sodium acetate were 
mixed with 2 grams of the phenol, 20 grams of acetic anhydride 
added, and the mixture was boiled on an electric hot plate for 
two hours. Upon cooling, the contents of the flask nearly solidi- 
fied into a mass of long hair-like white crystals in rosettes. After 
shaking with water until the excess of acetic anhydride had been 
removed, the acetyl derivative appeared in the form of white, 
needle-like crystals, which were insoluble in water but crystallized 
readily from glacial acetic acid. This new substance was boiled 
with acid-washed bone-black in acetic acid solution until a pure 
white product Avas obtained. The pure reciystallized triacetyl 
derivative melted at 189° (corrected). The pure dzy substance 
Avas then analyzed for the percentage of carbon and hydrogen. 


Percentage of carbon and hydrogen in the acetyl derivative. 


SAMPLE 1 

WEIGHT OF ! 
SUBSTANCE I 

■weight op I 
CO 2 j 

WEIGHT OP 1 

HjO 1 

c 

H 

Preparation II (pure) . . . 

{< i( t( 

CisHsOs-CCO-CHslaor O. 

gm. 

0.1020 
0,1025 1 
iiHisOs re 

gm. 

0.2362 
0.2380 
quires . . . . 

gm. 

0.0135 

0.0417 

1 

per cent 

63.15 

63.33 

63.32 

per cent 

4.77 

4.56 

4.62 





Analysis showed that a triacetyl derivative Avas produced by 
the action on the phenol of an excess of acetic anhydride. The 
determinations of the molecular weight of this new acetyl sub- 
stance in acetic acid solution gave very irregular values AV'hich 
were only a fraction of the 398 required by the formula CsiHisOg. 
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However, all other data show the more complex formula to be 
correct and consequently the new substance contains three hy- 
droxyl groups. 

Some of the pure triacetjd derivative was saponified by boiling 
with sodium hydroxide solution. The mixture was acidified with 
phosphoric acid and distilled into a known amount of standard 
alkali, the excess being titrated. 


Number of acetyl groups in the acetyl derivative. 


S.UfPLE 

wriCHT or 

SUBSTANCE 

[amount or 

1 -^l-NaOH 

AMOUNT or 

CHiCOOH 

roUND 

CHiCOOH 

FOUND 

CH»COOH 

C.UUUI.ATED 


Sm. 

cc. ' 


■pere^t 

ptTctnl 

Preparation II (pure) . , . 

0.1331 

[ 10.20 

0.612 

45.98 


Ci^sOs ■ (CO • CHi)« requires 



1 

46.33 


Here again the presence of three hydroxyl groups in the original 
phenol is shown by the analysis. 

Tribenzoyl derivaiive. 

A small amount of the pure phenol was dissolved in pyridine, 
an excess of benzoyl chloride added, and the mixture heated on 
an electric plate for an hour. After cooling, the reaction mixture 
was’ shaken with dilute solutions of sulphuric acid and sodium 
carbonate until only a small yellowish cake remained. This 
cake was not soluble in 95 per cent alcohol, but dissolved very 
easily in benzene and ethyl acetate. From hot aqueous acetone 
this benzoyl derivative crj'stallized in silvery spangles whose 
melting point was always foimd to be 183° (corrected). A large 
scale preparation was made and crj-^stallized from a mixture of 
acetone and water for purposes of analysis. 

The benzoyl derivative was also prepared by dissolving the pure 
substance in 20 per cent sodium hydroxide solution, and to this 
was added benzoyl chloride in small portions. After standing 
for a time, the mass of foreign material was removed, leaving a 
solid cake of material which melted at 181° after repeated crystal- 
lizations from dilute aqueous acetone solutions. This prepara- 
tion and others made in a similar way did not seem pure nor did 
they melt at 183° like those prepared by the use of pyridine. 
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Percentage of carbon and hydrogen in the benzoyl derivative. 


SAMPL-E 1 

WEIGHT OF 
SUBSTANCE 

WEIGHT OF 1 

CO 2 

1 

WEIGHT OP 

mo 

c 

H 

Preparation I 

“ I 

CisHsOs' (CeHs • CO) 3 or 

gm. 

0.0835 

0.0910 

G3flH2408 1 

gm. 

0.2257 
0.2451 
•equires . . 

gm. 

0.0316 

0.0352 

per cent 

73.72 

73.45 

73.97 

per cent 

4.23 

4.33 

4.19 


There seems little doubt, then, that the excess of benzoyl 
chloride produced a tribenzoyl derivative. 

A reduction 'product of the new phenol. 

After the determination of methoxyl radicles in the original 
phenol, large yellow needles of an unknown substance crystal- 
lized from the concentrated hydriodic acid solution when it cooled. 
This substance was recrystallized from alcohol and finally ob- 
tained, in the form of clusters of snow-white needles melting above 
260°.‘ Some of the phenol itself was then placed in a bomb-tube 
with an excess of hydriodic acid solution (sp. gr. 1.70) and 
heated for three hours at 130° When the tube was cold, it was 
opened and the contents were poured into water to precipitate 
the organic substance. After complete purification witli alcohol 
as a solvent, we obtained a small quantity of white needles melt- 
ing above 260°. This reduction product dissolved in alkalies 
with a yellow coloration and contained no double bond or iodine 
in its molecule. The purest preparation was analyzed for carbon 
and hydrogen. It seemed to be an unknown reduction product, 
but the amount of substance analyzed was too small to give 
figures of any value. 


Percentage of carbon and hydrogen in the reduction product of baptisol. 


■WEIGHT OF SUB- 
STANCE 

WEIGHT OF * 

COj 

WEIGHT OF 

HjO 

-C 

n 

gm. 

0.0183 

CisHijOs (origin! 

gm. 

0.0397 . 

il substance) rec 

gm. 

0.0104 

jinrps. 

per cent 

59.17 

66.16 

per cent 

6.36 

4.41 
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Occurrence of substances similar to the new phenol. 

In 1S97 Gorier” investigated the constituents of the root of Baplisia 
lincloria, which was formerly used in medicine. The raw material for his 
work was the residue left after evaporating the 60 per cent alcoholic extract 
of the root. He isolated the glucoside, baptisin, having the formula 
CisHjiOn and melting at 240°. Upon hydrolysis of the baptisin with a 
dilute solution of sulphuric acid, one molecule of a new phenol, baptigenin, 
was produced, and two molecules of rhamnose. The molecular weight of 
baptisin as determined by freezing point depression in acetic acid was 
only 190, which is one-third of the theoretical value for CssHa-On. The 
baptigenin cri’stallized from dilute alcohol in fine white needles melting 
above 250°. From analytical data and the preparation of derivatives it 
appeared that baptigenin has the formula CnHjsOj, with three hydroxyl 
groups but no other reactive groups that could be identified. It did not 
give any color with ferric chloride or Millon’s reagent. Gorter was unable 
to show the constitution of any of the substances he isolated. 

Power and Salway” isolated a new phenol from red clover flowers, which 
they called pratensol. This substance had the formula CwHsOi' (OH)j, 
melted at 210°, and gave a greenish black color with ferric chloride solution. 
The triacetyl derivative was prepared and found to melt at 189°. Perkin 
and Hummel” isolated a new phenol, butin, from the flowers of Bulea 
frondosa. This substance has the formula CisHisOs. Butin also has three 
hydroxj'l groups, but differs from the new substance here reported in 
having no methoxyl group. Butin itself occurs in the form of small color- 
less needles melting at 224°, while its triacetyl derivative has a melting 
point of 123° and tribenzoyl butin melts at 155° Upon fusion with potas- 
sium hydroxide butin yielded protocatechuic acid and resorcin. From this 
and other evidence Perkin and Hummel coneluded that butin was 3, 3', 4'- 
trioxj-flavanon; 



O 

This assumption was proven to be correct in 1912 when Goschke and 
Tambor^* synth esized butin and demonstrated that it has the above 

“ K. Gorter: Vber die Bestandteile der Wurzel von Baplisia lincloria. 
isserlalion, Marburg, 1897. See also, Gorter: Arch. d. Pharm., ccxxxv, 
PP- 301-332, 1897. 

Power and A. H. Salway: Tr. Chem. Soc., xcvii, pp. 231-254, 

Perkin and J. J. Hummel: ibid., Ixxxv, pp. 1459-1472, 1904. 

A. Goschke and J. Tambor: Ber. d. deulsch. chem. Gesellsch., xlv, 
pp. 186-188, 1912. 
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constitution. Finally, in the literature there is a description of another 
substance having the formula CuHijOs and known as naringenin. ^Yill>5 
prepared it by hydrolyzing the glucoside naringin isolated from the leaves 
and fruit of Citrus decumana. Naringenin occurs in the form of white 
platelets melting at 248° and giving a brownish red coloration with ferric 
chloride solution. Tutin*® showed that naringenin had the following 
constitution: 


OH 



Upon boiling naringenin with potassium hydroxide solution, phloroglucin 
and p-cumaric acid were produced. Our new phenol showed none of the 
reactions characteristic of naringenin, butin, or any of the flavone series. 
From this short survey of known phenols of the general formula CnH^Oj, 
we see that it is not possible to identify the new substance from the de- 
scription of any other compound in the literature. Therefore, we propose 
to name it baptisol, since we first isolated it from blackened leaves of 
Baptisia tinctoria and first described its properties. 

Constitution of haptisol. 

From the results of the analyses of baptisol and its derivatives 
we may conclude that it contains one methoxyl and three hydroxyl 
groups. From the chemical and physical properties already 
described it is evident that baptisol is not identical with butin 
or naringenin, known substances having the formula CisHuOs. 
Boiling baptisol with solutions of sodium hydroxide and fusion 
with caustic alkali did not yield protocatechuic acid and resorcin 
like butin, nor p-cumaric acid and phloroglucin like naringenin. 
Alkaline fusions of baptisol gave small amounts of a brownisii 
oily substance having an odor of creosote. Some baptisol was 
dissolved in dilute sodium hydroxide solution and boiled with 
the addition of potassium permanganate until a pink color re- 
mained in the solution. The oxidation product was obtained 
in the usual way from the reaction mixture and found to have a 
pleasant odor like piperonal (heliotropin). After purification, it 
melted at 173°, gave a typical Millon test, and could not be 

W. Will: Ber. d. deutsch. chem, Gesellsch., xviii, p. 1322, 18S5; xx, 
p. 294, 1887. 

F. Tutin: Jour. Chem. Soc., xcvii, p. 2057, 1910. 
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identified with any similar products obtained from butin and 
naringenin. 

In summarizing the properties of baptisol we find that it appar- 
ently has no unsaturated bonds, no groups reacting -with hydroxjd- 
amine or phenyl hydrazine, no groups capable of oxidation or 
reduction to form colored products, and none of the properties 
of flavones as a class. Baptisol has three hydroxjd groups and 
one methoxjd group, but no others that could be identified. Heat- 
ing with hydriodic acid in a bomb-tube gave a white crj^stalline 
reduction product of greater hydrogen content than baptisol. 
We know that baptisol is not identical with butin or naringenin, 
but, unfortunatelj', owing to the small amount of material avail- 
able we were unable to obtain data enough to enable us to sug- 
gest a probable structure for the new phenol. 

SUMMARY. 

1. The ordinary volatile antiseptics like chloroform, toluene, 
and ether were not nearly as active in causing the blackening of 
Bapiisia leaves as were substances of the ester tjTDe and acetone. 
No relation could be demonstrated between the structure or phj-si- 
cal properties of the active substances and their rate of action 
on the leaf. In general, the more chemically inert substances 
like esters were the most efficient in producing the tjTiical effects. 

2. The phenomena of blackening seem to be produced by any 
agency, physical, chemical, or mechanical, that disturbs the nor- 
mal relationships of the cells containing certain enzjTnes and those 
containing the substrate; i.e., altered permeability and active 
diffusion of cell constituents. Apparently, first a hydrelj-tic 
cnzjme decomposes a glucoside, and then an oxidase acts to 
produce the dark pigment. 

3. A new phenol, baptisol, was isolated from the efflorescence 
on the dried leaves of Baptisia blackened by vapors of chloro- 
form, etc. Baptisol has the formula CisHuOs and melts at 213° 
(corrected). 

4. Triaceiyl baptisol, Ci 5 H 905 -(C 0 -CH 3)3 was prepared and 
found to melt at 189° (corrected). Tribenzoyl baptisol, CijHgOo- 
(C6H5-C0)3 of melting point 183° (corrected) was also prepared. 
The formation of these compounds indicates the presence of 
three hydroxjd groups in baptisol. 
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5. It also contains one methoxyl group. We were unable to 
identify any other groups, and our present knowledge of the struc- 
ture of baptisol may be indicated by the formula which follows: 

C14H6O (OCH3) (0H)3 

6. Baptisol is certainly not identical with either of the two 
phenols CisHiiOs, descriptions of which are to be found in the 
literature. One is butin from the flowers of Butea frondosa, and 
the other is naringenin from Citrus decumana, both substances 
having physical and chemical properties quite different from 
those of baptisol. 



ON THE PRESENCE OF CHOLINE IN THE SHOOTS OF 
ARALIA CORDATA. 

By K. IVnYAKE. 

[From the Chemical Laboratory, College of Agriculture, Tohoku Imperial 
University, Sapporo, Japan.) 

(Received for publication, May 24, 1915.) 

Since a search of the literature concerning Aralia cordata 
failed to reveal any results of special investigations on the nitrog- 
enous constituents of its shoots, a study of the nature of its 
nuclein bases was undertaken, which resulted in proving the pres- 
ence of guanine and xanthine.* A further study of the nitroge- 
nous constituents has resulted in establishing the presence of 
choline in the juice of Aralia shoots. The method of investi- 
gation is as follows. 

15 kg. of the fresh shoots were cut into small pieces, extracted with hot 
water, and the extract was treated with basic lead acetate. The filtrate 
from the lead compound was decomposed with hydrogen sulphide. The 
lead sulphide formed was filtered off, the filtrate being then neutralized 
with ammonia, and evaporated down to a liter on a water bath. After the 
addition of sulphuric acid until its content reached 5 per cent, a sufficient 
amount of phosphotungstic acid was added and the mixture well shaken. 
After twenty-four hours’ standing, the precipitate formed was filtered off, 
thoroughly washed with 5 per cent sulphuric acid, and decomposed by 
baryta in the usual manner. The filtrate from the barium phosphotungs- 
fate was freed from baryta by carbon dioxide and evaporated again to a 
small volume. After being neutralized with nitric acid, concentrated 
silver nitrate solution was added, and the precipitate formed was collected 
on the filter and tested for the nuclein bases. To the filtrate from the 
silver compounds an excess of silver nitrate and baryta water was added. 
The brown precipitate formed was then filtered off, and the filtrate, freed 
from silver and baryta by hydrochloric and sulphuric acids, was again 
evaporated to a small volume. After sulphuric acid had been added 
until its content reached 5 per cent, a sufficient amount of phosphotungstic 
acid again was added, the mixture well shaken, and left untouched for 

‘ K. Miyake; this Journal, xxi, p. 507, 1915. 
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Choline in Shoots of Aralia cordata 


about twenty-four hours. The precipitate formed was collected on the 
filter and washed with 5 per cent' sulphuric acid. From this precipitate a 
solution which contains free bases was prepared according to the ordinary 
manner. After being neutralized ndth hydrochloric acid, it was evaporated 
to a syrup and dried in a desiccator for about one week. The dried syrup 
was then extracted many times with absolute alcohol. The extract was 
evaporated and the residue was dissolved in water. To this solution an 
excess of mercuric chloride was added and the mixture was allowed to 
stand for about forty-eight hours. The mercuric compound formed was 
collected on the filter and decomposed with hydrogen sulphide. The fil- 
trate from the mercuric sulphide was evaporated to a syrup and dissolved 
in alcohol. To this solution alcoholic platinic chloride solution was added, 
and its mixture was allowed to stand. After forty-eight hours’ standing, 
well known characteristic crystals of choline platinic chloride were formed. 
The crystals were collected on a filter, washed with alcohol, and dried 
over sulphuric acid in a vacuum. After drying, the weight of the sub- 
stance was only 0.0G13 gm., and its platinum content was found to bo 31.27 
per cent. 

Pt. 

(CtHuNOCOaPtCU Calculated: 31.66 per cent. 

Found: 31.27 per cent. 



ON CREATINTJRIA. 


Bt ALONZO ENGLEBERT TAYLOR. 

{From the Department of Physiological Chemistry, University of 
Pennsylvania, Philadelphia.) 

(Received for publication. May 4, 1915.) 

The following data indicate that the presence of creatine in 
the urine of children cannot be regarded as related to deficiency 
of carbohydrate in the diet, as has been suggested; they also indi- 
cate that the finding of creatine in the urine cannot be ascribed 
to a methodic error, as has been suggested, due to the interfer- 
ence in the color reaction of the Folin method by acetone or aceto- 
acetic acid. The subjects of this report were two little girls of 
ten and four years of age. They were not normal children, but 
this fact does not invalidate 'the conclusions to be drawn from 
the data. The elder child was the subject of hypopituitarism, 
the result of a tumor of unknown nature in the hjp)ophysis. 
The younger child suffered from recurrejit vomiting. The obser- 
vations to be described were obtained in the period between 
attacks, when the child appeared entirely well. Both children 
were under strict observation of trained nurses, and there was 
every reason to believe that the instructions for feeding and 
collection of excrementa were carried out substantially as ordered. 
Both children were under metabolic tests, and the figures for 
creatine and creatinine are parts of the metabolic data. 

The girl of ten weighed 110 lbs. The diet was a well balanced ration, 
containing on the average daily 59 gm. of protein, 58 gm. of fat, and 237 
Effl. of carbohydrate, the extreme figures for the latter being 210 and 259 
pn. The creatinine was measured by the method of Folin, the creatine 
hy the method of Benedict, the ketonic substances by the Shaffer method 
of triple distillation. The method of Benedict was found to work in a 
'cry satisfactory manner; though large amounts of urine had to be evapo- 
rated to dryness (25 cc.) a disturbing color never developed. The following 
figures cover the period of ten days’ observation. 
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Creatinuria 


<? 


Days 123456789 10 

mg. mg. mg. mg. mg. mg. mg. mg. mg. mg. 

Creatinine 540 480 505 410 410 380 470 405 380 410 

Creatine 40 40 135 110 95 90 110 105 140 110 

Ketones* 210 240 205 150 170 180 175 165 — 175 


* Ketones are in terms of ^-OxybutjTic acid. 

The diet of the first child was not free of ereatine-creatinine; it 
included each day 50 gm. of chicken breast or lamb chop; otherwise the 
diet consisted of cereals, vegetables, milk, eggs, bread, and butter. 

The diet of the second child was almost free of fat, on account of the 
supposed influence of fat in the diet upon the formation of the ketonic 
acids. The child weighed 25 lbs. The diet consisted daily of about 30 
gm. of protein, 200 gm. of carbohydrate and not over 10 gm. of fat, in 
the form of cereals, bread, milk, fruit, fresh vegetables, and a little 
meat once daily. The child was perfectly well upon this diet, but was 
not growing at the normal rate. The figures for the period of two 
weeks were as follows. 

Days 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

mg. mg. mg. mg. mg. mg. mg. mg, mg. mg. mg. mg. mg. mg. 

Creatinine 105 84 101 101 96 98 . 98 104 124 118 84 96 64 96 

Creatine.. 95 78 39 69 56 50 42 56 42 36 48 54 68 108 

Ketones.. — — 28 32 33 33 23 37 26 23 16 28 38 — 

The figures for the urinary ketones in the first child are entirely 
normal ; in the second child they are very low, due apparently to 
high carbohydrate and low fat intake. In each instance the 
intake of carbohydrate must be termed generous, even high, in 
relation to the total caloric intake. The constant creatinuria 
observed could not have been due to deficiency in carbohydrate 
intake. The amounts of ketones found in the urine were normal 
in the one child, very low in the second child, and could not have 
affected the colorimetric reading for creatinine, otherwise all 
normal urines would display a false creatinuria. Normal /3-o.\’y- 
butyric acid, as acid or salt, added to normal urine in the propor- 
tion of 1 gram to the liter has no effect upon the reading in the 
Folin method for creatinine. 1 gram of acetone or aceto-acetic 
acid, as salt, added to 1 liter of normal urine does affect slightly 
the colorimetric reading for creatinine, lowering the finding. 
One-fourth of a gram has no effect, one-half of a gram has no 
measurable effect. Ketones in the amounts stated could not 
therefore have affected the readings, particularly since about half 
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of thei ketone was present as ^-oxybutyric acid. Finally the 
highest relative findings for creatine were in the urine of the 
second child, which contained ketones in such mere traces that 
half the urine had to be distilled to make the estimations. 

As control, four normal children were tested in the same maimer, 
two girls of eight, two boys of five years. All were upon full 
normal diets. 

CREATINT CREATUO^-E EETOKES 


iTiQ, Tn^m 

Girl 60 405 135 

65 555 225 

Girl 100 380 235 

Boy 35 295 65 

40 360 100 

Boy 35 265 SO 


The mixed diets of these children contained notable amounts 
of meat, yet their urines contained no more creatine than was 
present in the urines of the two first children whose diets were 
low in meat. In particular, the first of the two girls last reported 
consumed a large amount of meat on the two days of the test, 
yet the figures for creatine were not high. The ketones averaged 
higher than in the urines of the two sick children. 

Eyndently there is a partition of creatine-creatinine in the 
urine of children, a partition naturally and reasonabl}' to be 
ascribed to incomplete conversion of creatine into creatinine. 
Inanition and carbohydrate fasting in the adult will provoke 
creatinuria; but these data indicate that in the child creatinuria 
IS not dependent upon low carbohydrate intake, persisting indeed 
in spite of high intake of carbohydrate. Of the total elimination 
in the elder child 19 per cent was in the state of creatine; in the 
younger child 40 per cent. 

The absolute figures for creatine-creatinine compare approxi- 
mately with those noted in adults, when the weights of the chil- 
dren and the probable masses of muscular tissue are considered, 
thus confirming for children the Folin-Shaffer postulate of the 
relation of creatinine to mass of muscle substance. 
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